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Foreword

Earth is teeming with life. No one knows exactly how many
distinct organisms inhabit our planet, but more than 5 mil-
lion different species of animals and plants could exist, rang-
ing from microscopic algae and bacteria to gigantic elephants,
redwood trees and blue whales. Yet, throughout this won-
derful tapestry of living creatures, there runs a single thread:
Deoxyribonucleic acid or DNA. The existence of DNA, an
elegant, twisted organic molecule that is the building block
of all life, is perhaps the best evidence that all living organ-
isms on this planet share a common ancestry. Our ancient
connection to the living world may drive our curiosity, and
perhaps also explain our seemingly insatiable desire for in-
formation about animals and nature. Noted zoologist, E. O.
Wilson, recently coined the term “biophilia” to describe this
phenomenon. The term is derived from the Greek bios mean-
ing “life” and philos meaning “love.” Wilson argues that we
are human because of our innate affinity to and interest in the
other organisms with which we share our planet. They are,
as he says, “the matrix in which the human mind originated
and is permanently rooted.” To put it simply and metaphor-
ically, our love for nature flows in our blood and is deeply en-
grained in both our psyche and cultural traditions.

Our own personal awakenings to the natural world are as
diverse as humanity itself. I spent my early childhood in rural
Iowa where nature was an integral part of my life. My father
and I spent many hours collecting, identifying and studying
local insects, amphibians and reptiles. These experiences had
a significant impact on my early intellectual and even spiri-
tual development. One event I can recall most vividly. I had
collected a cocoon in a field near my home in early spring.
The large, silky capsule was attached to a stick. I brought the
cocoon back to my room and placed it in a jar on top of my
dresser. I remember waking one morning and, there, perched
on the tip of the stick was a large moth, slowly moving its
delicate, light green wings in the early morning sunlight. It
took my breath away. To my inexperienced eyes, it was one
of the most beautiful things I had ever seen. I knew it was a
moth, but did not know which species. Upon closer exami-
nation, I noticed two moon-like markings on the wings and
also noted that the wings had long “tails”, much like the ubiq-
uitous tiger swallow-tail butterflies that visited the lilac bush
in our backyard. Not wanting to suffer my ignorance any
longer, I reached immediately for my Golden Guide to North
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American Insects and searched through the section on moths
and butterflies. It was a luna moth! My heart was pounding
with the excitement of new knowledge as I ran to share the
discovery with my parents.

I consider myself very fortunate to have made a living as
a professional biologist and conservationist for the past 20
years. ['ve traveled to over 30 countries and six continents to
study and photograph wildlife or to attend related conferences
and meetings. Yet, each time I encounter a new and unusual
animal or habitat my heart still races with the same excite-
ment of my youth. If this is biophilia, then I certainly possess
it, and it is my hope that others will experience it too. I am
therefore extremely proud to have served as the series editor
for the Gale Group’s rewrite of Grzimek’s Animal Life Ency-
clopedia, one of the best known and widely used reference
works on the animal world. Grzimek’s is a celebration of an-
imals, a snapshot of our current knowledge of the Earth’s in-
credible range of biological diversity. Although many other
animal encyclopedias exist, Grzimek’s Animal Life Encyclopedia
remains unparalleled in its size and in the breadth of topics
and organisms it covers.

The revision of these volumes could not come at a more
opportune time. In fact, there is a desperate need for a deeper
understanding and appreciation of our natural world. Many
species are classified as threatened or endangered, and the sit-
uation is expected to get much worse before it gets better.
Species extinction has always been part of the evolutionary
history of life; some organisms adapt to changing circum-
stances and some do not. However, the current rate of species
loss is now estimated to be 1,000-10,000 times the normal
“background” rate of extinction since life began on Earth
some 4 billion years ago. The primary factor responsible for
this decline in biological diversity is the exponential growth
of human populations, combined with peoples’ unsustainable
appetite for natural resources, such as land, water, minerals,
oil, and timber. The world’s human population now exceeds
6 billion, and even though the average birth rate has begun
to decline, most demographers believe that the global human
population will reach 8-10 billion in the next 50 years. Much
of this projected growth will occur in developing countries in
Central and South America, Asia and Africa—regions that are
rich in unique biological diversity.



Foreword

Finding solutions to conservation challenges will not be
easy in today’s human-dominated world. A growing number
of people live in urban settings and are becoming increasingly
isolated from nature. They “hunt” in supermarkets and malls,
live in apartments and houses, spend their time watching tele-
vision and searching the World Wide Web. Children and
adults must be taught to value biological diversity and the
habitats that support it. Education is of prime importance now
while we still have time to respond to the impending crisis.
There still exist in many parts of the world large numbers of
biological “hotspots”—places that are relatively unaffected by
humans and which still contain a rich store of their original
animal and plant life. These living repositories, along with se-
lected populations of animals and plants held in profession-
ally managed zoos, aquariums and botanical gardens, could
provide the basis for restoring the planet’s biological wealth
and ecological health. This encyclopedia and the collective
knowledge it represents can assist in educating people about
animals and their ecological and cultural significance. Perhaps
it will also assist others in making deeper connections to na-
ture and spreading biophilia. Information on the conserva-
tion status, threats and efforts to preserve various species have
been integrated into this revision. We have also included in-
formation on the cultural significance of animals, including
their roles in art and religion.

It was over 30 years ago that Dr. Bernhard Grzimek, then
director of the Frankfurt Zoo in Frankfurt, Germany, edited
the first edition of Grzimek’s Animal Life Encyclopedia. Dr. Grz-
imek was among the world’s best known zoo directors and
conservationists. He was a prolific author, publishing nine
books. Among his contributions were: Serengeti Shall Not Die,
Rbinos Belong to Everybody and He and I and the Elephants. Dr.
Grzimek’s career was remarkable. He was one of the first
modern zoo or aquarium directors to understand the impor-
tance of zoo involvement in in situ conservation, that is, of
their role in preserving wildlife in nature. During his tenure,
Frankfurt Zoo became one of the leading western advocates
and supporters of wildlife conservation in East Africa. Dr.
Grzimek served as a Trustee of the National Parks Board of
Uganda and Tanzania and assisted in the development of sev-
eral protected areas. The film he made with his son Michael,
Serengeti Shall Not Die, won the 1959 Oscar for best docu-
mentary.

Professor Grzimek has recently been criticized by some
for his failure to consider the human element in wildlife con-
servation. He once wrote: “A national park must remain a pri-
mordial wilderness to be effective. No men, not even native
ones, should live inside its borders.” Such ideas, although con-
sidered politically incorrect by many, may in retrospect actu-
ally prove to be true. Human populations throughout Africa
continue to grow exponentially, forcing wildlife into small is-
lands of natural habitat surrounded by a sea of humanity. The
illegal commercial bushmeat trade—the hunting of endan-
gered wild animals for large scale human consumption—is
pushing many species, including our closest relatives, the go-
rillas, bonobos and chimpanzees, to the brink of extinction.
The trade is driven by widespread poverty and lack of eco-
nomic alternatives. In order for some species to survive it will
be necessary, as Grzimek suggested, to establish and enforce

a system of protected areas where wildlife can roam free from
exploitation of any kind.

While it is clear that modern conservation must take the
needs of both wildlife and people into consideration, what will
the quality of human life be if the collective impact of short-
term economic decisions is allowed to drive wildlife popula-
tions into irreversible extinction? Many rural populations
living in areas of high biodiversity are dependent on wild an-
imals as their major source of protein. In addition, wildlife
tourism is the primary source of foreign currency in many de-
veloping countries and is critical to their financial and social
stability. When this source of protein and income is gone,
what will become of the local people? The loss of species is
not only a conservation disaster; it also has the potential to
be a human tragedy of immense proportions. Protected ar-
eas, such as national parks, and regulated hunting in areas out-
side of parks are the only solutions. What critics do not realize
is that the fate of wildlife and people in developing countries
is closely intertwined. Forests and savannas emptied of wildlife
will result in hungry, desperate people, and will, in the long-
term lead to extreme poverty and social instability. Dr. Grz-
imek’s early contributions to conservation should be
recognized, not only as benefiting wildlife, but as benefiting
local people as well.

Dr. Grzimek’s hope in publishing his Animal Life Encyclo-
pedia was that it would “...disseminate knowledge of the ani-
mals and love for them”, so that future generations would
“...have an opportunity to live together with the great diver-
sity of these magnificent creatures.” As stated above, our goals
in producing this updated and revised edition are similar.
However, our challenges in producing this encyclopedia were
more formidable. The volume of knowledge to be summa-
rized is certainly much greater in the twenty-first century than
it was in the 1970’s and 80’s. Scientists, both professional and
amateur, have learned and published a great deal about the
animal kingdom in the past three decades, and our under-
standing of biological and ecological theory has also pro-
gressed. Perhaps our greatest hurdle in producing this revision
was to include the new information, while at the same time
retaining some of the characteristics that have made Grzimek’s
Animal Life Encyclopedia so popular. We have therefore strived
to retain the series’ narrative style, while giving the informa-
tion more organizational structure. Unlike the original Grz-
imek’s, this updated version organizes information under
specific topic areas, such as reproduction, behavior, ecology
and so forth. In addition, the basic organizational structure is
generally consistent from one volume to the next, regardless
of the animal groups covered. This should make it easier for
users to locate information more quickly and efficiently. Like
the original Grzimek’s, we have done our best to avoid any
overly technical language that would make the work difficult
to understand by non-biologists. When certain technical ex-
pressions were necessary, we have included explanations or
clarifications.

Considering the vast array of knowledge that such a work
represents, it would be impossible for any one zoologist to
have completed these volumes. We have therefore sought spe-
cialists from various disciplines to write the sections with
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which they are most familiar. As with the original Grzimek’s,
we have engaged the best scholars available to serve as topic
editors, writers, and consultants. There were some complaints
about inaccuracies in the original English version that may
have been due to mistakes or misinterpretation during the
complicated translation process. However, unlike the origi-
nal Grzimek’s, which was translated from German, this revi-
sion has been completely re-written by English-speaking
scientists. This work was truly a cooperative endeavor, and I
thank all of those dedicated individuals who have written,
edited, consulted, drawn, photographed, or contributed to its
production in any way. The names of the topic editors, au-
thors, and illustrators are presented in the list of contributors
in each individual volume.

The overall structure of this reference work is based on
the classification of animals into naturally related groups, a
discipline known as taxonomy or biosystematics. Taxonomy
is the science through which various organisms are discov-
ered, identified, described, named, classified and catalogued.
It should be noted that in preparing this volume we adopted
what might be termed a conservative approach, relying pri-
marily on traditional animal classification schemes. Taxon-
omy has always been a volatile field, with frequent arguments
over the naming of or evolutionary relationships between var-
ious organisms. The advent of DNA fingerprinting and other
advanced biochemical techniques has revolutionized the field
and, not unexpectedly, has produced both advances and con-
fusion. In producing these volumes, we have consulted with
specialists to obtain the most up-to-date information possi-
ble, but knowing that new findings may result in changes at
any time. When scientific controversy over the classification
of a particular animal or group of animals existed, we did our
best to point this out in the text.

Readers should note that it was impossible to include as
much detail on some animal groups as was provided on oth-
ers. For example, the marine and freshwater fish, with vast
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numbers of orders, families, and species, did not receive as
detailed a treatment as did the birds and mammals. Due to
practical and financial considerations, the publishers could
provide only so much space for each animal group. In such
cases, it was impossible to provide more than a broad overview
and to feature a few selected examples for the purposes of il-
lustration. To help compensate, we have provided a few key
bibliographic references in each section to aid those inter-
ested in learning more. This is a common limitation in all ref-
erence works, but Grzimek’s Encyclopedia of Animal Life is still
the most comprehensive work of its kind.

I am indebted to the Gale Group, Inc. and Senior Editor
Donna Olendorf for selecting me as Series Editor for this pro-
ject. It was an honor to follow in the footsteps of Dr. Grz-
imek and to play a key role in the revision that still bears his
name. Grzimek’s Animal Life Encyclopedia is being published
by the Gale Group, Inc. in affiliation with my employer, the
American Zoo and Aquarium Association (AZA), and I would
like to thank AZA Executive Director, Sydney ]J. Butler; AZA
Past-President Ted Beattie (John G. Shedd Aquarium,
Chicago, IL); and current AZA President, John Lewis (John
Ball Zoological Garden, Grand Rapids, MI), for approving
my participation. I would also like to thank AZA Conserva-
tion and Science Department Program Assistant, Michael
Souza, for his assistance during the project. The AZA is a pro-
fessional membership association, representing 215 accred-
ited zoological parks and aquariums in North America. As
Director/William Conway Chair, AZA Department of Con-
servation and Science, I feel that I am a philosophical de-
scendant of Dr. Grzimek, whose many works I have collected
and read. The zoo and aquarium profession has come a long
way since the 1970s, due, in part, to innovative thinkers such
as Dr. Grzimek. I hope this latest revision of his work will
continue his extraordinary legacy.

Silver Spring, Maryland, 2001
Michael Hutchins
Series Editor
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How to use this book

Gzimek’s Animal Life Encyclopedia is an internationally
prominent scientific reference compilation, first published in
German in the late 1960s, under the editorship of zoologist
Bernhard Grzimek (1909-1987). In a cooperative effort be-
tween Gale and the American Zoo and Aquarium Association,
the series is being completely revised and updated for the first
time in over 30 years. Gale is expanding the series from 13
to 17 volumes, commissioning new color images, and updat-
ing the information while also making the set easier to use.
The order of revisions is:

Vol 8-11: Birds I-IV

Vol 6: Amphibians

Vol 7: Reptiles

Vol 4-5: Fishes I-1I

Vol 12-16: Mammals I-V

Vol 1: Lower Metazoans and Lesser Deuterostomes
Vol 2: Protostomes

Vol 3: Insects

Vol 17: Cumulative Index

Organized by taxonomy

The overall structure of this reference work is based on
the classification of animals into naturally related groups, a
discipline known as taxonomy—the science through which
various organisms are discovered, identified, described,
named, classified, and catalogued. Starting with the simplest
life forms, the lower metazoans and lesser deuterostomes, in
volume 1, the series progresses through the more complex
animal classes, culminating with the mammals in volumes
12-16. Volume 17 is a stand-alone cumulative index.

Organization of chapters within each volume reinforces
the taxonomic hierarchy. In the case of the Mammals vol-
umes, introductory chapters describe general characteristics
of all organisms in these groups, followed by taxonomic chap-
ters dedicated to Order, Family, or Subfamily. Species ac-
counts appear at the end of the Family and Subfamily chapters
To help the reader grasp the scientific arrangement, each type
of chapter has a distinctive color and symbol:

@ -Order Chapter (blue background)

Q =Monotypic Order Chapter (green background)

xii

A -Family Chapter (yellow background)
/A =Subfamily Chapter (yellow background)

Introductory chapters have a loose structure, reminiscent
of the first edition. While not strictly formatted, Order chap-
ters are carefully structured to cover basic information about
member families. Monotypic orders, comprised of a single
family, utilize family chapter organization. Family and sub-
family chapters are most tightly structured, following a pre-
scribed format of standard rubrics that make information easy
to find and understand. Family chapters typically include:

Thumbnail introduction
Common name
Scientific name
Class
Order
Suborder
Family
Thumbnail description
Size
Number of genera, species
Habitat
Conservation status

Main essay
Evolution and systematics
Physical characteristics
Distribution
Habitat
Behavior
Feeding ecology and diet
Reproductive biology
Conservation status
Significance to humans

Species accounts
Common name
Scientific name
Subfamily
Taxonomy
Other common names
Physical characteristics
Distribution
Habitat
Behavior
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Feeding ecology and diet

Reproductive biology

Conservation status

Significance to humans
Resources

Books

Periodicals

Organizations

Other

Color graphics enhance understanding

Grzimek’s features approximately 3,000 color photos, in-
cluding approximately 1,560 in five Mammals volumes; 3,500
total color maps, including nearly 550 in the Mammals vol-
umes; and approximately 5,500 total color illustrations, in-
cluding approximately 930 in the Mammals volumes. Each
featured species of animal is accompanied by both a distrib-
ution map and an illustration.

All maps in Grzimek’s were created specifically for the pro-
ject by XNR Productions. Distribution information was pro-
vided by expert contributors and, if necessary, further
researched at the University of Michigan Zoological Museum
library. Maps are intended to show broad distribution, not
definitive ranges.

All the color illustrations in Grzimek’s were created specif-
ically for the project by Michigan Science Art. Expert con-
tributors recommended the species to be illustrated and
provided feedback to the artists, who supplemented this in-
formation with authoritative references and animal skins from
University of Michgan Zoological Museum library. In addi-
tion to species illustrations, Grzimek’s features conceptual
drawings that illustrate characteristic traits and behaviors.
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How to use this book

About the contributors

The essays were written by scientists, professors, and other
professionals. Grzimek’s subject advisors reviewed the com-
pleted essays to insure consistency and accuracy.

Standards employed

In preparing these volumes, the editors adopted a conser-
vative approach to taxonomy, relying on Wilson and Reeder’s
Mammal Species of the World: a Taxonomic and Geographic Ref-
erence (1993) as a guide. Systematics is a dynamic discipline
in that new species are being discovered continuously, and
new techniques (e.g., DNA sequencing) frequently result in
changes in the hypothesized evolutionary relationships among
various organisms. Consequently, controversy often exists re-
garding classification of a particular animal or group of ani-
mals; such differences are mentioned in the text.

Grzimek’s has been designed with ready reference in mind
and the editors have standardized information wherever fea-
sible. For Conservation status, Grzimek’s follows the IUCN
Red List system, developed by its Species Survival Commis-
sion. The Red List provides the world’s most comprehensive
inventory of the global conservation status of plants and an-
imals. Using a set of criteria to evaluate extinction risk, the
IUCN recognizes the following categories: Extinct, Extinct
in the Wild, Critically Endangered, Endangered, Vulnerable,
Conservation Dependent, Near Threatened, Least Concern,
and Data Deficient. For a complete explanation of each cat-
egory, visit the IUCN web page at <http://www.iucn.org/>.
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Cetacea
(Whales, dolphins, and porpoises)

Class Mammalia
Order Cetacea
Number of families 14

Number of genera, species
40 genera; 86 species

Photo: A spinner dolphin (Stenella longirostris)
leaping in Hawaiian waters. (Photo by Animals An-
imals ©James Watt. Reproduced by permission.)

Introduction

Linnaeus originally assigned the name Cete to the order of
mammals consisting of whales, dolphins, and porpoises. The
term is derived from the classical noun cetos, meaning a large
sea creature. Linnaeus conceived Cete to be the sole member
of the group Mutica, one of his three primary subdivisions of
placental mammals. The term Cetacea is the plural of cezos and
was coined by Brisson in 1762. The study of cetaceans has come
to be known as cetology, those who practice it as cetologists.

The lines of demarcation between the living cetaceans and
other orders of mammals are firmly drawn, and there is no
ambiguity. Similarly, the two living suborders of Cetacea are
unequivocally distinct from each other, but also mono-
phyletic; that is, derived from a common ancestor. The Mys-
ticeti, or baleen whales, and Odontoceti, or toothed whales,
differ fundamentally in the ways that the bones of their skulls
have become “telescoped.” The mysticete skull features a
large, bony, broad, and flat upper jaw, which thrusts back un-
der the eye region. In contrast, the main bones of the odon-
tocete upper jaw thrust back and upward over the eye sockets,
extending across the front of the braincase. Mysticetes have
baleen and no teeth as adults, and they have paired blowholes
(nostrils). Odontocetes, in contrast, have teeth and no baleen
(in some species, many or most of the teeth are unerupted
and non-functional, however), and a single blowhole. A ma-
jor additional factor in the anatomical divergence of the two
groups is the development in odontocetes of a sophisticated
echolocation system, which has required various unique
anatomical specializations for producing, receiving, and pro-
cessing sound. Mysticetes generally lack the enlarged facial
muscles and nasal sacs that characterize odontocetes.

Below the level of suborder, many different approaches to
classification have been proposed, involving varying numbers
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and combinations of infraorders, superfamilies, families, and
subfamilies. For simplicity here and in what follows, only fam-
ilies, genera, and species are considered. The present-day con-
sensus among cetologists is that there are four extant families,
six genera, and at least 14 species of mysticetes, and ten fam-
ilies, 34 genera, and about 72 species of odontocetes. These
numbers will inevitably change as larger samples become
available and as more sophisticated analytical methods are ap-
plied. It is instructive that no less than five “new” species of
cetaceans have been described over the past 15 years, includ-
ing two muysticetes (Antarctic minke whale, Balaenoptera
bonaerensis, and pygmy Bryde’s whale, Balaenoptera edeni) and
three odontocetes (pygmy beaked whale, Mesoplodon peru-
vianus, spade-toothed whale, Mesoplodon traversii, and Perrin’s
beaked whale, Mesoplodon perrini). Some of these represent the
formal recognition and description of species long known to
exist, but others are genuine discoveries. More of both types
of developments are to be expected.

Vernacular uses of the terms whale, dolphin, and porpoise
have always been complicated and, occasionally, confusing.
All baleen-bearing cetaceans are considered whales, but any
of the three terms can be applied to toothed cetaceans, de-
pending upon a number of factors. Body size is a useful, but
not definitive, basis for distinguishing whales from dolphins
and porpoises. In general, cetaceans with adult lengths greater
than about 9 ft (2.8 m) are called whales, but some “whales”
(e.g., dwarf sperm and melon-headed; Kogia sima and Pepono-
cephala electra, respectively) do not grow that large and some
dolphins (e.g., Risso’s and common bottlenosed; Grampus
griseus and Tursiops truncatus, respectively) can grow larger.
There is considerable overlap in body size between dolphins
and porpoises as well. Strictly speaking, the term porpoise
should be reserved for members of the family Phocoenidae,
all of which are relatively small (maximum length less than 8
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Order: Cetacea

The Atlantic spotted dolphin (Stenella frontalis) is very active at the
water’s surface. (Photo by Francois Gohier/Photo Researchers, Inc.
Reproduced by permission.)

ft [2.5 m]) and have numerous small, spatulate (spade-shaped)
teeth. The proclivity of seafarers and fishers to apply the term
“porpoise” (singular and plural) to any small cetacean that
they encounter has led to its rather loose application to ma-
rine dolphins by scientists as well. It is occasionally suggested
that porpoises can be distinguished from dolphins by their
lack of a pronounced beak (the elongated anterior portion of
the skull that includes both the upper and lower jaw), but a
number of dolphins are at least as blunt-headed as any por-
poise. In fact, there is no strict definition of “dolphin,” as the
term is equally valid for species as diverse as the very long-
beaked, bizarre-looking river dolphins (superfamily Platanis-
toidea), the round-headed “blackfish” (pilot, false killer, and
pygmy killer whales; Globicephala spp., Pseudorca crassidens, and
Feresa attenuata, respectively), and the archetypal bottlenosed
and common dolphins (Tursiops spp. and Delphinus spp., re-
spectively). One other variant that often finds its way into the
popular lexicon is “great whales.” In most contexts, those who
use this term mean it to refer to all of the baleen whales plus
the sperm whale (Physeter macrocephalus). In essence, the great
whales are those that had great commercial value and there-
fore were seriously depleted by the whaling industry.

Evolution and systematics

Cetaceans are related to the hoofed mammals, or ungu-
lates, and their ancestry is linked more or less closely to that
of cows, horses, and hippopotamuses. Current thinking is that
they are highly derived artiodactyls, with a particularly close
evolutionary relationship to the hippos. The fossil record of
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cetacean ancestry dates back more than 50 million years to
the early Eocene epoch. Most paleontologists agree that
cetaceans arose from the Mesonychidae, an extinct family of
primitive terrestrial mammals that inhabited North America,
Europe, and Asia. Mesonychids can generally be described as
cursorial (adapted for running) carrion feeders with large
heads, powerful jaws, and five-toed feet with hoof-like claws.
The transition from a wholly terrestrial to an amphibious ex-
istence is believed to have taken place initially in the Tethys
Sea, a large, shallow, near-tropical seaway that extended from
the present-day Mediterranean eastward to beyond the South
Asian subcontinent. Most of the fossil evidence for this ini-
tial radiation of the stem or basal Cetacea, the extinct subor-
der Archaeoceti, has come from Eocene Tethys sediments in
India, Pakistan, and Egypt, although some archaeocete mate-
rial has also been found in Nigeria and Alabama (United
States). The archaeocetes diversified between 45 and 53 mil-
lion years ago (mya), and the group had spread into mid-
temperate waters by 40 mya, toward the end of the middle
Eocene. More than 35 different species have been identified
for the interval 35-53 mya, during which time archaic
cetaceans had expanded from riverine and near-shore habi-
tats and become adapted to occupy oceanic settings as well.
Their eyes and kidneys had probably become capable of tol-
erating different salt balances, they may have lost much of
their hair and begun to acquire blubber for insulation and fat
storage, their underwater hearing capability had become en-
hanced, and they had probably developed nasal plugs to close
the nostrils when diving. Presumably, they had also begun to
move their tails in an up-and-down, rather than side-to-side,
fashion for more efficient swimming.

Archaeocetes exhibited many features typical of living
cetaceans, including an elongate upper jaw with bony nostrils
set back from the tip, a broad shelf of bone above the eye,
anteroposteriorly aligned incisors, and an enlarged mandibu-
lar canal on the inner side of the lower jaw. They had a dense
outer ear bone, or tympanic bulla, and later forms had an ex-
panded basicranial air sinus similar to that of modern
cetaceans. A major difference between archaeocetes and the
more derived cetaceans is that the archaeocete skull was not
telescoped; that is, it did not have overlapping bony elements.
Most, and possibly all, archaeocetes had external hind limbs.
In some instances at least, they probably used all four limbs
for locomotion both in water and on land. Although they are
often depicted as having sinuous, almost eel-like bodies, the
basic skeletal structures of most archaeocetes would have sup-
ported bodies not much different in overall design to those
of living cetaceans.

Five families of Archaeoceti are recognized: Pakicetidae,
the amphibious earliest cetaceans; Ambulocetidae, the walk-
ing whales; Remingtonocetidae, the gavial-convergent
cetaceans (the gavial is a long-snouted, freshwater, fish-eating
crocodilian of the south Asian subcontinent); Protocetidae,
the first pelagic cetaceans; and Basilosauridae, the so-called
zeuglodonts, referring to their complex, many-cusped teeth
(the Greek zugotos means yoked or joined, and odous, of course,
tooth). The most primitive archaeocete identified to date was
Nalacetus, known mainly from isolated teeth. Pakicerus, an-
other small, very early archaeocete, had eyes on top of its
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head, drank only fresh water (confirmed from oxygen isotope
ratios in its tooth enamel), and was predominantly wolf- or
hyena-like in appearance. The other families of archaeocetes
had been largely supplanted by the zeuglodonts during the
late Eocene.

Probably the best-known zeuglodont was Basilosaurus, or
the “king lizard” (from the Greek basileus for king and sauros
for lizard). This animal could be almost 70 ft (21 m) long and
weighed at least 11,000 Ib (5,000 kg). Its small head in rela-
tion to the long body made it appear truly serpentine. The
front appendages had been modified into short, broad pad-
dles, but were still hinged at the elbow; and the rear ap-
pendages had atrophied to nothing more than stumps.
Basilosaurids may have had dorsal fins and horizontal tail
flukes, and they were likely hairless, or nearly so. In short,
Basilosaurus was well along the path to becoming what cetol-
ogists now think of as a whale.

The archaeocetes are replaced in the fossil record by odon-
tocetes and mysticetes beginning in the Oligocene, about 38
mya. By approximately the middle of that epoch, the ar-
chaeocetes appear to have died out completely. The oldest
known cetacean in the mysticete clade is Lianocetus denticre-
natus, found in late Eocene rocks on the Antarctic Peninsula.
"This species’ most characteristic feature was its series of lobed,
widely spaced teeth, which were somewhat reminiscent of the
teeth of the crabeater seal (Lobodon carcinophagus). Like the
crabeater seal, L. denticrenatus was probably a filter feeder on
krill-like invertebrates or possibly small schooling fish. At
least four families of tooth-bearing mysticetes have been de-
scribed from the Oligocene (24-38 mya). The transition lead-
ing to rudimentary baleen plates in the spaces between teeth
probably occurred about 30 mya with the emergence of the
Cetotheriidae, or primitive baleen-bearing mysticetes. It is a
slight misconception to say that the presence of teeth is a di-
agnostic feature of Odontoceti, the so-called toothed whales,
because all archaeocetes and some of the primitive fossil
mysticetes also had teeth. Further, all of the modern baleen-
bearing mysticetes have teeth in the early fetal stages of their
development.

Odontocetes also radiated rapidly and widely during the
Oligocene, by the end of which there were more than 13 fam-
ilies and 50 species of cetaceans in the world’s oceans. This
diversity was probably driven by changes in foraging oppor-
tunities related to breakup of the southern supercontinent of
Gondwana, opening of the Southern Ocean, and the conse-
quent polar cooling and sharpening of latitudinal temperature
gradients. Several of the early odontocete lineages failed to
survive beyond the Miocene (5-23 mya). The shark-toothed
dolphins (Squalodontidae), with their sharp, triangular, ser-
rated teeth, were likely active carnivores, while the very long-
beaked Eurhinodelphinidae, with their overhanging upper
jaws and many small, conical teeth, were more like the dol-
phins that cetologists know today. Both of these groups had
vanished from the fossil record, and others had dwindled to
mere remnants, by the end of the Miocene.

The cetotheres radiated further during the Miocene (5-23
mya), with more than 20 genera in which the blowholes were
positioned about as far back on the top of the head as they
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A pilot whale (Globicephala sp.) in Roatan, Honduras. (Photo by Corp.
F. Stuart Westmorland/Photo Researchers, Inc. Reproduced by per-
mission.)

are in living mysticetes. Also, by the early Miocene, the two
main branches of cetotheres were evident, one leading to the
modern right whales (Balaenidae) and the other to the
rorquals (Balaenopteridae) and gray whale (Eschrichtiidae).
Gray whales do not appear in the fossil record until only about
100,000 years ago, and their ancestry is therefore particularly
problematic. For their part, the odontocetes also experienced
a major Miocene radiation. Beaked whale (Ziphiidae) fossils
are common in marine sediments worldwide by 5-10 mya,
and these include animals belonging to the modern genus
Mesoplodon. Sperm whales in the family Physeteridae, similar
in some important ways to the living species, were present by
22 mya.

Dolphins and porpoises as cetologists know them today
also emerged in the Miocene, perhaps about 12 mya. The
large, speciose odontocete family Delphinidae is one of the
least resolved of the 14 extant cetacean families. In spite of
fairly blatant external morphological differences among gen-
era within the family, such as the globe-headed (pilot whales)
versus long-beaked (common dolphins) dichotomy, the fam-
ily’s validity is supported by several lines of evidence. For ex-
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A killer whale (Orcinus orca) shows its teeth. (Photo by Bruce
Frisch/Photo Researchers, Inc. Reproduced by permission.)

ample, intergeneric hybrids have been observed for many del-
phinids both in captivity and in the wild, and all 17 included
genera share the same basic skull architecture. Most of the
morphological diversification within the family is related to
body size and foraging structures such as rostral length and
width, and the number, size, and form of the teeth. A recent
phylogenetic analysis of the delphinids based on full cy-
tochrome b gene sequences has revealed that certain of the
genera may represent artificial assemblages of species and
that extensive revision is needed at both the genus and sub-
family levels.

One of the more high-profile and controversial issues in
cetacean systematics that has arisen in recent years is the con-
tention by some molecular biologists that sperm whales are
more closely related to the baleen whales than to other odon-
tocetes. However, this view has been refuted, contradicting
as it does a host of morphological, paleontological, and even
some other molecular evidence confirming that the odonto-
cetes are a monophyletic group. As one expert summarized
it, the proposed split linking sperm whales with mysticetes
“would require morphological convergences and reversals of
a magnitude that defies credibility.”
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Physical characteristics

The absolute range in body size is vastly greater for
cetaceans than for any other mammalian order, from scarcely
5 ft (1.5 m) in length and 120 Ib (55 kg) in weight for some
dolphin and porpoise species to atleast 110 ft (33 m) in length
and 400,000 1b (180,000 kg) in weight for the Antarctic blue
whale (Balaenoptera musculus). There is also considerable vari-
ation in morphology. Several species completely lack a dor-
sal fin (right whales and right whale dolphins, Balaenidae and
Lissodelphis spp., respectively), others have only a hump or
ridge (gray whale and Ganges river dolphin, Eschrichtius ro-
bustus and Platanista gangetica, respectively), and still others
have a tall, prominent, even outsized dorsal fin (male killer
whales and spectacled porpoises, Orcinus orca and Phocoena
dioptrica, respectively). The very long, flexible pectoral flip-
pers of the humpback whale (Megaptera novaeangliae) are in
stark contrast to the small, rounded flippers of beaked whales
(Ziphiidae) that fit into molded depressions on the sides of
the body, so-called “flipper pockets.” A cetacean’s dorsal fin,
like its tail flukes, has no bony support. The stiffness of these
structures comes from tough fibrous tissue and, in the case
of the flukes, tendons. The flippers, in contrast, are modi-
fied front limbs and therefore contain a full complement of
arm and hand bones, which, however, are greatly compressed
in length.

Body streamlining is obviously an essential feature of the
cetacean form. The eyes are on the sides of the head and
the blowhole, or blowholes, are on top. The paired blow-
holes on all living mysticetes are positioned in approximately
the same place—at the back and in the center of the ros-
trum. The single blowhole of odontocetes can vary in both
its appearance and placement, but in all species it is skewed
to the left of the midline, thereby reflecting the sinistral skew
of the underlying cranium. A sperm whale’s blowhole is a
deep slit at the very front of the top of the head, which makes
its blow cant forward and to the left, allowing an observer
to identify the species at a considerable distance. In most
dolphins, the blowhole is much farther back on the head,
approximately even with the eyes, and it appears as a round
hole. However, the blowhole of the Ganges river dolphin is
a longitudinal slit well back on the top of the head. Another
extraordinary feature of this species is its vestigial eyes,
which are tiny and effectively non-functional. Cetaceans
have no external ear appendages, and all reproductive and
excretory organs are concealed within the body. Both males
and females have a navel, genital slit, and anus along the
ventral midline, and females normally have, in addition, a
small mammary slit on each side of the genital slit. Two
small, rudimentary pelvic bones embedded in muscle are the
only vestiges of hind limbs.

Cetaceans have compensated for their lack of fur or hair
by acquiring an adipose-rich hypodermis, a dense endoder-
mal layer of fat, called “blubber,” which functions not only as
extremely efficient insulation (a core body temperature of
about 98.6°F [37°C] is maintained regardless of ambient con-
ditions), but also as an energy depot. They also have a highly
developed counter-current heat exchange system, with arter-
ies completely surrounded by bundles of veins. This system
is configured so that heat loss and retention are controlled
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largely through blood flow to the flippers, flukes, and dorsal
fin, none of which has a thick layer of insulative blubber.

Distribution

Cetaceans inhabit all marine waters throughout the world,
as well as several large rivers and associated freshwater sys-
tems in Asia and South America. Their distribution is limited
at the poles only by solid ice coverage. Land, ice massifs, and
more subtle features such as depth and temperature gradients,
current boundaries, and zones of low productivity constitute
the biogeographical barriers that separate species and popu-
lations. Competitive interactions have probably also helped
to shape the global pattern of cetacean distribution. It is worth
emphasizing that cetaceans even occur in all large semi-enclosed
seas and gulfs, such as the Black, Red, Baltic, and Japan Seas,
the Arabian Gulf, and Hudson Bay.

It is important to recognize that human activities have
played a major role in determining the present-day global dis-
tribution of cetaceans. Although human actions are not known
to have exterminated any cetacean species entirely, they have
atleast reduced certain species to levels at which they no longer
play a significant role in the ecosystem. For example, bowhead
whales (Balaena mysticetus) were conspicuous members of the
marine fauna of the eastern Atlantic Arctic (Greenland and
Barents Seas) before European commercial whalers arrived at
the end of the sixteenth century. By the early twentieth cen-
tury, only scattered individual bowheads remained. Gray
whales were present in the North Atlantic Ocean until at least
as recently as the seventeenth century but have been extinct
there for more than 150 years and now occur only in the North
Pacific Ocean. The disappearance of river dolphins from large
segments of their range in the Indian subcontinent, Southeast
Asia, and China is a well-documented result of deliberate
killing, incidental mortality in fishing gear, and dam con-
struction. Moreover, in the Antarctic and no doubt elsewhere,
the severe depletion of blue, fin (Baluenoptera physalus), and
humpback whales have probably changed the species compo-
sition and relative abundance of other high-order consumers.
Although difficult to test, the hypothesis that minke whales (as
well as crabeater seals and perhaps even some seabirds) increased
and expanded their range as the larger krill-consuming whales
were eliminated is at least plausible. Some scientists have also
argued that sei whales (Balaenoptera borealis), as copepod spe-
cialists, were given a competitive advantage and thus prolifer-
ated in temperate regions as the numbers of copepod-eating
right whales (Eubalaena spp.) were decimated. Again, this hy-
pothesis is all but impossible to prove or disprove.

Generally speaking, human agency has not been responsi-
ble for the introduction of cetaceans into new areas of distri-
bution; that is, made them into “alien invaders.” However, a
few relevant incidents have been documented. It was recently
reported that one or more Indo-Pacific humpback dolphins
(Sousa chinensis) had breached the Suez Canal, moving from
the Red Sea into the Mediterranean Sea—a transoceanic
switch facilitated by canal construction. On a few occasions,
captive bottlenosed dolphins that originated in one ocean
basin have escaped or been released into another basin, open-
ing the possibility that an invasive species or genetic variant
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The bottlenosed dolphin (Tursiops truncatus) is found worldwide, ex-
cept in the polar regions of the world. (Photo by Tom Brakefield. Bruce
Coleman, Inc. Reproduced by permission.)

could become established accidentally. Thus far, there has
been no report of movement through the Panama Canal by
a cetacean, but manatees (Trichechus spp.) have negotiated this
route from the Atlantic to the Pacific during the last few
decades of the twentieth century and into the early years of
the twenty-first century.

Habitat

Three living families of cetaceans, Lipotidae, Iniidae, and
Platanistidae, consist of dolphins that are obligate inhabitants
of freshwater environments. The Iniidae, in particular, exhibit
a remarkable ability to survive, indeed flourish, in habitat that
seems unlikely for a cetacean. Amazon River dolphins, or
botos (Inia geoffiensis), occupy both the large, turbid, “white-
water” rivers and the “black-water” streams and lake systems
of Amazonia and Orinoquia, seasonally entering the flooded
rainforest to forage among roots and vines. Some platanistids
in the upper reaches of the Ganges River system live in rel-
atively cool, clear, fast-flowing streams, while their relatives
downriver occupy the wide, brown, slower-flowing channels
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The false killer whale (Pseudorca crassidens) can be found in groups
of up to several hundred individuals. (Photo by J. T. Wright. Bruce Cole-
man, Inc. Reproduced by permission.)

of the Gangetic plain. All river dolphins tend to be most abun-
dant in counter-current eddies, where prey is more easily
available and less energy is needed to maintain position.

Some delphinids (e.g., the tucuxi, Sotalia fluviatilis, and Ir-
rawaddy dolphin, Orcaella brevirostris) and one species of por-
poise (the finless porpoise, Neophocaena phocaenoides) are called
“facultative” freshwater cetaceans because they have populations
that live not only far up rivers and in freshwater lake systems,
but also in marine coastal waters. Some of the other coastal small
cetaceans, notably the humpback dolphins and the franciscana
(Sousa spp. and Pontoporia blainvillei, respectively), tend to exist
in greatest densities in portions of coastline with high volumes
of continental runoff, that is, in and near large river mouths.
Such areas are typically very productive.

Numerous cetacean species are best characterized as in-
habitants of the continental shelf, and they are found mainly
inside the 660 ft (200 m) depth contour. Among these, sev-
eral of the great whales are strongly migratory, going from
winter calving and breeding grounds in tropical waters to
high-latitude feeding grounds in summer. Gray whales, for
example, congregate in warm, shallow lagoons along the Pa-
cific coast of Mexico’s Baja California peninsula in winter, and
many then travel close along the western North American
coast for 4,600-6,200 mi (7,500-10,000 km) to shallow feed-
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ing grounds in the Bering and Chukchi Seas, only to return
south again by approximately the same route to Mexico dur-
ing the following autumn. Humpback whales are also long-
distance migrators, congregating on shallow banks and reefs
in tropical latitudes to give birth, nurse their young, and breed
in winter, and moving to productive subpolar and polar wa-
ters to feed in summer. Some humpbacks cover 10,000 mi
(16,000 km) in their annual round-trip migration. Unlike gray
whales, they often strike out across expanses of deep water to
get from one segment of habitat to another.

Sdll other cetacean species are pelagic, or “blue-water,” an-
imals, living along the steep contours of continental slopes, near
the edges of offshore banks and seamounts, or in canyon areas
where sharp depth gradients create beneficial foraging condi-
tions. Some pelagic species forage in the deep scattering layer,
a complex of organisms that migrate vertically in the water col-
umn, approaching to within about 650 ft (200 m) of the surface
at night and descending to depths of 1,000 ft (300 m) during
the day. Dolphins that are not especially deep divers take ad-
vantage of this phenomenon by resting and socializing during
the day and foraging at night. The spinner dolphin (Stenella lon-
girostris), for example, is one of the most widespread warm-
water species of cetaceans. Many spinner populations centered
on offshore islands or atolls move inshore to bays or reef-fringed
lagoons during the day, then offshore at night to feed.

Behavior

The behavior of cetaceans, like so many other aspects of
this diverse order, spans a wide range of characteristics. When
at the surface, porpoises, beaked whales, and pygmy and dwarf
sperm whales (Kogia breviceps and K. sima, respectively) are
cryptic and undemonstrative. In contrast, some dolphin species
are energetic and conspicuous, leaping high above the surface,
spinning, somersaulting, and churning the water. Bow-riding
species charm seafarers as they race toward a fast-moving boat
and “hitch a ride” in the pressure wave. Some species live in
small groups of 10 or fewer individuals and can be considered
almost solitary, while others are among the most gregarious
mammals. At both extremes, however, it is important to con-
sider that appearances may not reveal the entire story. Given
the fact that most cetacean communication is acoustic, not vi-
sual, it is possible that individuals and small groups maintain
contact over large distances. Thus, the level of social integra-
tion may be much greater than an apparently “scattered” pat-
tern of distribution implies. In this regard, the low-frequency
calls of blue and fin whales can be heard at distances of hun-
dreds of miles when entrained in deep sound channels.

Remarkably, even many of the earliest odontocetes appear
to have been capable of echolocation; that is, able to use
sound echoes for detection and navigation as a supplement
to, or substitute for, vision. High-frequency clicks produced
by the movement of recycled air within the diverticula, sacs,
and valves of the nasal passages are projected into the envi-
ronment via the melon (the lump of fatty tissue that forms
an odontocete’s “forehead”). These sounds reflect off objects
and bounce back. The echoes are transmitted to the ears via
the side of the face and pass through the thin wall of the
mandible before reaching the ear region. The ear bones, iso-
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Order: Cetacea

A killer whale (Orcinus orca) spy-hopping in Tysfjord, Norway. (Photo by Francois Gohier/Photo Researchers, Inc. Reproduced by permission.)

lated in fat bodies, receive a given sound at different times,
thus facilitating directional hearing. Although proven exper-
imentally for only a few species, it is likely that all odonto-
cetes echolocate. Mysticetes, in contrast, do not echolocate,
although it has been speculated that bowhead whales may
“read” the undersurface of sea ice, and thus assess the di-
mensions of a floe, for example, by listening to the rever-
berations of their calls. This would be a crude form of
“echo-sensing.” Besides their echolocation clicks, many
odontocetes produce high-frequency whistles that are used
to communicate. Some mysticetes produce patterned se-
quences of sounds that constitute “song” in a technical sense,
and that are believed to function as sexual advertisement dur-
ing the mating season.

The social structure of several odontocete species has been
studied in detail. Killer whales, for example, have a society
centered on matrilineal groups that coalesce to form pods of
up to about 60 individuals. Pods are organized into clans,
which are collections of pods with similar vocal dialects.
Sperm whale social structure has been likened to that of ele-
phants, with adult males roving between stable matrilineal
pods on the tropical breeding grounds and becoming essen-
tially solitary while on their high-latitude feeding grounds.
Bottlenose dolphins live in fission-fusion societies in which
group composition changes frequently as individuals join and
leave. Nevertheless, calves stay with their mothers for several
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years, and in some areas males establish pair bonds that last
for decades. The social systems of baleen whales are gener-
ally thought to be less complex and structured than those of
toothed cetaceans.

Although it is widely assumed that whales are “gentle giants,”
there is considerable evidence of aggressive behavior in some
species. Quite apart from the fact that killer whales regularly
kill and eat mammalian prey, male Indo-Pacific bottlenosed dol-
phins (Tursiops aduncus) form coalitions to fight with other males
and aggressively herd females; common bottlenosed dolphins
occasionally kill harbor porpoises (Phocoena phocoena) for reasons
not readily apparent; adult male beaked whales and narwhals
(Monodon monoceros) engage in combat that results in extensive
body scarring; and male humpback whales, while competing for
access to an adult female on the breeding grounds, may engage
in bouts of slashing and scraping that result in bleeding or abra-
sion of a competitor’s head knobs and dorsal fin.

The diving abilities of cetaceans vary in relation to their
ecology, distribution, and diet. Sperm whales can dive to
depths in excess of 6,080 ft (1,853 m). Both they and bottle-
nosed whales (Hyperoodon spp.) can remain submerged for well
over an hour at a time, and they are known to feed near the
bottom in very deep water. Mysticetes generally do not dive
as deep, or for as long, although some are capable of staying
down for half an hour or longer.
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The boto (Inia geoffrensis), or Amazon River dolphin, is the largest of the river dolphins. (Photo by Gergory Ochocki/Photo Researchers, Inc. Re-
produced by permission.)

Feeding ecology and diet

Cetaceans are generally regarded as apex predators, and even
the baleen whales, which in many respects feed more like graz-
ers than predators, are positioned relatively high on the trophic
pyramid. With their specialized feeding apparatus, the baleen
whales are all filter feeders although their actual strategies for
collecting prey vary. The balaenids and the sei whale are skim
feeders, meaning that they tend to swim steadily through the
water, mouth open, allowing prey organisms (usually zoo-
plankton) to be continuously filtered against the mat of baleen
fringes on the inside of the mouth. At the end of a feeding run,
the whale uses its massive tongue to sweep the food into the
throat. It then resumes the food-gathering process. Bal-
aenopterids other than the sei whale are gulp feeders, meaning
that they take large volumes of seawater into the mouth, nor-
mally causing substantial distention of the throat (ventral
grooves), then close the mouth and squeeze the water out
through the baleen, trapping the prey inside the mouth and
swallowing it. Skim feeders tend to have supple, finely fringed
baleen, while gulp feeders have stiffer, coarser baleen. The di-
ets of baleen whales range from the stenophagous habits of the
blue whale, a krill (euphausiid) specialist, to the more eu-
ryphagous habits of the minke, humpback, and fin whales, which

take zooplankton, schooling fish, and occasionally even squid.
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Toothed cetaceans also prey upon a very broad spectrum of
organisms that includes fish of many sizes, from small (herring,
capelin, sand lance) to medium (cod, salmon, halibut) to large
(sharks and tuna), cephalopods (especially squid but also cut-
tlefish and octopus), shrimp, and crabs. Killer whales are the
only cetaceans known to prey upon warm-blooded animals on
a regular basis. Their diet can include everything from seabirds
and sea turtles to seals, sea lions, sea otters, and fellow cetaceans.
While the baleen whales often consume thousands or even mil-
lions of animals in a single feeding bout, odontocetes mainly
catch one creature at a time. Those species with reduced den-
tition, notably most of the beaked whales (Ziphiidae), Risso’s
dolphin, the pilot whales, and narwhal, probably use suction to
capture their prey, which are mostly squid. For the most part,
prey is swallowed whole, although groups of rough-toothed
dolphins (Steno bredanensis), for example, have been seen tear-
ing chunks from large fish that they had apparently captured
cooperatively. Killer whales obviously must bite pieces of flesh
from their larger prey. In fact, when they kill a baleen whale,
they typically consume the tongue, lips, and throat region first.
One odontocete species, the boto, has differentiated dentition.
Its rear teeth are flanged and molar-like, presumably so that
hard-bodied prey such as armored catfish can be crushed be-
fore swallowing.
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Reproductive biology

The reproductive and excretory organs are all concealed
within the body. The male’s retractile penis, similar anatom-
ically to that of the bull, contains a great deal of tough, fibrous
tissue. Erections apparently result at least in part from the elas-
ticity of that tissue, which comes into play when the retractor
muscles relax. The elongated testes lie within the abdominal
cavity just behind the kidneys, rather than in an external scro-
tum. Female reproductive anatomy is basically similar to that
of most other mammals, with the two ovaries in the same po-
sition as the male’s testes. The ovaries of odontocetes are elon-
gated and somewhat egg-shaped, while those of mysticetes are
much more irregular in shape, studded with rounded protu-
berances. A unique aspect of cetacean reproductive anatomy
is that the corpora albicantia; that is, the degenerated corpora
lutea that follow ovulation remain evident throughout a fe-
male’s life. This means that the ovaries provide a complete and
permanent record of the animal’s reproductive history, allow-
ing scientists to count the number of times that ovulation (but
not necessarily pregnancy) has occurred.

The reproductive strategies of cetaceans are generally typ-
ical of K-selected species; that is, ones that grow slowly, have
relatively few offspring, live for a long time, and exhibit sub-
stantial parental involvement in the rearing of young. Even the
harbor porpoise and franciscana, two of the fastest-maturing
species, take at least several years to achieve sexual maturity,
and they give birth to only one calf per year when in their
prime. Some of the longer-lived social odontocetes take at
least 10 years to mature, and they give birth at intervals of at
least three years. The gestation period of sperm whales is
14-16 months, and although the calf may begin taking solid
food before the end of its first year, it may continue to be
suckled for at least five more years. The reproductive para-
meters of most odontocetes fall between those of the harbor
porpoise and the sperm whale. Baleen whales generally ma-
ture before 10 years of age, have a gestation period of 10-14
months, a lactation period of six months to one year, and give
birth at intervals of two to five years. Most species are mi-
gratory to a greater or lesser extent, and give birth and breed
during the winter months in relatively low latitudes.

Conservation

Cetacean conservation emerged during the late twentieth
century as one of the world’s most highly publicized envi-
ronmental issues. International focus on the decimation of the
stocks of great whales portrayed the human capacity for greed
and wanton destruction of natural resources like few other is-
sues could have. The collapse of blue and fin whale stocks in
the Antarctic, following as it did the sequential destruction of
the stocks of right, bowhead, humpback, and gray whales in
other oceans, finally brought serious international regulation
to the commercial whaling industry. Having closed the fish-
eries for one species and stock after another, the International
Whaling Commission IWC) finally agreed in the 1980s to
impose a global moratorium on commercial whaling, which
remains in effect. Controversy continues, however, over
Norway’s ongoing commercial hunts for minke whales in the
North Atlantic, and Japan’s hunts for an expanding variety of
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Humpback whale (Megaptera novaeangliae) spy-hopping in Alaska.
(Photo by John Hyde. Bruce Coleman, Inc. Reproduced by permission.)

species in the western North Pacific and Antarctic. The hunts
by Norway are legal because that country exercised its sover-
eign right to object to the moratorium in the first instance,
and the Japanese hunts are justified through a loophole in the
whaling convention that allows member states to issue na-
tional permits for “scientific” catches regardless of prohibi-
tions in the IWC schedule.

The deliberate killing of whales, dolphins, and porpoises
for meat and other products continues in many parts of the
world, including Japan, where tens of thousands of small
cetaceans are taken annually in addition to the “scientific”
catch of minke and larger whales; the Faeroe Islands, where
many hundreds of long-finned pilot whales and Atlantic
white-sided dolphins (Globicephala melas and Lagenorhynchus
acutus, respectively) are killed in most years; Greenland, where
160-180 minke whales and 10-15 fin whales are taken annu-
ally under the IWC’s exemption for “aboriginal subsistence”
whaling, as well as many hundreds of harbor porpoises, nar-
whals, and belugas (Delphinapterus leucas); and Canada, the
United States (Alaska), and Russia (Chukotka), where thou-
sands of belugas and narwhals, plus several hundred bowhead
and gray whales, are killed each year in what are considered
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The Pacific white-sided dolphin (Lagenorhynchus obliquidens) can be
found in groups of several hundred. (Photo by JACANA Scientific Con-
trol/Jean Philippe Varin/Photo Researchers, Inc. Reproduced by per-
mission.)

traditional hunts for “subsistence.” While it is true that the
absolute scale of the killing of great whales has declined with
regulation over the last few decades of the twentieth century
and into the early years of the twenty-first century, serious
problems remain as many of the hunts for small cetaceans are
inadequately regulated to ensure sustainability or permit re-
covery from depletion.

During the past several decades of the twentieth century
and into the early twenty-first century, incidental mortality
in fishing gear (so-called bycatch), especially in large-mesh
gillnets, has become of paramount importance as a threat fac-
tor for cetaceans. Some species, notably the Critically En-
dangered vaquita (Phocoena sinus) and baiji (Lipotes vexillifer),
have been driven close to extinction, and numerous popula-
tions of other cetacean species have been greatly depleted, as
a result of interactions with fisheries. Efforts to reduce the
scale of incidental mortality have centered on development,
testing, and mandatory use of acoustic pingers to deter the
animals from approaching nets; time and area fishery closures;
and establishment of protected areas where high-risk fishing
is forbidden. Another threat factor for some populations, and
particularly for the Endangered North Atlantic right whale
(Eubalaena glacialis) population off the North American east
coast, is mortality from collisions with ships. Thus far, miti-
gation measures have consisted of reconfiguring the ship
channels in southeastern Canada to reduce traffic in areas
where right whales congregate during summer, and imple-
mentation of early-warning systems in portions of the U.S.
East Coast where right whales and heavy ship traffic overlap.

Several other factors are of increasing concern: underwa-
ter noise, chemical contaminants, and climate change. The
possibility that whales are disturbed by industrial noise (e.g.,
seismic testing, ocean drilling for oil and gas) has been a
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source of concern for decades, but recent evidence suggests
that under certain circumstances, high-energy artificial
sounds can actually cause lethal injuries to beaked whales. Pol-
lution of the world’s waterways and oceans has become rec-
ognized as a serious threat to many forms of life. Cetaceans
and other marine mammals are no exception. Because they
store large amounts of fat in their bodies, they tend to accu-
mulate very high levels of lipophilic contaminants such as the
organochlorines (e.g., PCB, DDT). Interestingly, heavy doses
of these toxic chemicals are transmitted to first-born calves
through the placenta and milk, which means that this age-
class within a cetacean population may be especially at risk.
Finally, the rapid ongoing change in global climate is certain
to have implications for cetaceans, as for other wildlife. Those
species that live in high latitudes could be affected the most.
Thinning of sea ice and melting of glaciers will certainly in-
fluence productivity and change the character of habitat in
the Arctic and Antarctic. While some wild species could ben-
efit, others are likely to be harmed.

Significance to humans

Cetaceans have been of great significance to humans for
millennia, beginning when primitive coast-dwellers scavenged
stranded carcasses for meat, blubber oil, and bone material.
The flesh was eaten by people but also fed to domestic ani-
mals, most importantly sled dogs in the Arctic and Subarctic.
Whale oil was burned to illuminate homes and footpaths, and
in lamps to provide warmth. Bones of whales were used in
the construction of dwellings and to manufacture tools and
appliances. Baleen had many uses as well. Ironically, some
early whalers in the Arctic fashioned sea anchors from woven
baleen and attached them to harpoon lines to provide resis-
tance for a harpooned whale trying to escape; they thus used
a product obtained from one whale to help them capture an-
other. Although the widespread, critical reliance upon whales
for food, oil, and other products no longer applies, some abo-
riginal communities in the Arctic still consider whale hunt-
ing central to their identity and sustenance.

As early maritime communities in more temperate regions
ventured into coastal waters and learned to capture cetaceans,
they established markets to distribute and sell the oil and
baleen (whalebone), giving rise to the global whaling indus-
try, as mentioned earlier. The pursuit of whales was a moti-
vating force in exploration and in the development of many
remote regions. Whalers brought trade goods, diseases,
firearms, and employment to the people they visited as they
scoured the planet for their prey. They also enlisted
crewmembers from island outposts like the Azores, Cape
Verde Islands, and Hawaii, facilitating a diaspora of sorts.
Even if unintended, the consequences of activities of whalers
were often disastrous to local societies. An obvious example
is the degree to which commercial whalers destroyed the
stocks of whales, in some instances literally depriving indige-
nous people of an essential natural resource.

Whales and dolphins are popular, but high-maintenance
and controversial, performers in captivity. Bottlenosed dol-
phins, belugas whales, and killer whales are the most com-
mon species in oceanaria, but numerous other species have
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been trained to perform as well. The captive display industry
played a key role in raising awareness about these animals and
in getting people to view them as both sentient and vulnera-
ble. In fact, the killer whale’s reputation was completely trans-
formed once people had been exposed to several captive
individuals. Ironically, oceanaria have now themselves become
targets of protest by campaigners who view the keeping of
cetaceans as unethical. Dolphins and small whales have also
been the subjects of ex situ research of various kinds, includ-
ing one program in Hawaii that focuses on developing ways
for humans and dolphins to communicate with one another.
Some success has been reported in efforts to treat autism by
allowing patients to interact with captive dolphins, and lux-

Order: Cetacea

ury hotels in a number of tropical holiday destinations keep
animals in sea pens and offer “swim-with-the-dolphin” op-
tions for guests. Finally, the U.S. Navy has, for decades, used
trained dolphins and small toothed whales to locate and re-
cover objects from the sea floor and participate in at-sea re-
search of various kinds. There were reports during the 2003
invasion of Iraq that dolphins were being used by American
forces to detect and help destroy mines in the Persian Gulf.
The captive population of common bottlenosed dolphins in
the United States is considered by some experts to be self-
sustaining; that is, capable of replenishing itself without the
need for more captures from the wild. In some respects, the
domestication of this species may be at hand.
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A
Ganges and Indus dolphins

(Platanistidae)

Class Mammalia
Order Cetacea
Suborder Odontoceti
Family Platanistidae

Thumbnail description

Small gray dolphin with long beak, exposed
interlocking teeth and tiny eyes; broad flippers
and flukes

Size
Females 8.2 ft (2.5 m) and males 6.6 ft (2.0
m); 185.2 Ib (84 kg)

Number of genera, species
1 genus; 1 species

Habitat
Rivers and tributaries

Conservation status
Endangered

Distribution

Indus River in Pakistan; Ganges River drainage in India, Bangladesh, and Nepal

Evolution and systematics

This is the most primitive group of all river dolphins. It
is closely related to five extinct families that were widely dis-
tributed during the Oligocene (34-24 million years ago
[mya]) and Miocene (24-5 mya). Two fossils exist from the
middle to late Miocene. Zarhachis and Pomatodelphis were
found in marine environments in North America and Eu-
rope, but paleontological data are too scarce to establish
when these marine ancestors first entered rivers. It is hy-
pothesized that they inhabited the estuarine regions created
during the rise of the sea level in the middle Miocene and
survived in rivers as the waters regressed in the late Miocene.
Different hypotheses have been advanced about their phy-
logeny. Placement between other river dolphins and Ziphi-
idae (beaked whales) or between Ziphiidae and Physeteridae
(sperm whales) has gained considerable support from genetic
and morphologic data.

Classification of this species at the family level is the least
controversial of all river dolphins. It is the only species of fam-
ily Platanistidae. It is grouped under superfamily Plastanistoidae
with five fossil families: Prosqualondotidae, Squalondotidae,
Squalodelphinidae, Waipatiidae, and Dalpiazinidae.
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Although Platanista from the Indus and Ganges drainages
have been proposed to be different species, namely Platanista
gangetica and Platanista minor (or indi), based on morphologic
and biochemical analysis, currently they are considered a sin-
gle species, Platanista gangetica. While differences in tail
length between the Indus and Ganges dolphins has led some
authors to consider two subspecies, P. g. gangetica and P. g.
minor, genetic analysis has not resolved this issue.

The taxonomy for this species is Plantanista gangetica (Rox-
burgh, 1801), Hooghly River, Ganges River Delta. Other
common names include: English: Blind river dolphin, susu;
French: Plataniste du Gange, plataniste de I'Indus, sousou;
Spanish: Delfin del Ganges, delfin del Indo.

Physical characteristics

The primitive appearance of the Ganges and Indus dolphin
is unlike that of any other dolphin, even other river dolphins.
"The snout is elongated, about one-fifth of the body, and widens
towards the tip. The anterior teeth are larger and exposed, es-
pecially close to the tip. The dorsal fin is merely a small hump
close to the rear of the bulky body. However, the flippers and
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The Ganges and Indus dolphin (Platanista gangetica) is a solitary mam-
mal and only uses about 5% of its sounds for communication. (Photo
by Toby Sinclair/Naturepl.com. Reproduced by permission.)

fluke are relatively large. On top of the head, there is a longi-
tudinal ridge. The blowhole is a longitudinal slit in contrast to
a horizontal opening typical in dolphins. A wattle, forming sev-
eral folds, adds to the species’ ungainly appearance. Uniquely,
the external ear sits below eye level. The eyes are tiny, smaller
than the ear opening. The optical apparatus is underdeveloped
and is thought to perceive only shades rather than images;
hence, the name blind river dolphin. The skull is extremely
asymmetrical compared to most odontocetes and has promi-
nent facial inflections unseen in other dolphins. The neck is
very long and, because of unfused vertebrae, flexible. The brain
has the simplest cerebral cortex among odontocetes. Coloration
is gray or brown, occasionally with a pinkish belly.

Distribution

Currently, the species is found in the Ganges/Brahmapu-
tra/Megna and Karnapuli River systems and their tributaries
in India, Bangladesh, and Nepal, and in Pakistan in the In-
dus River system. Previously, its range extended further up-
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stream into several tributaries. In the Ganges River, the
species no longer occurs beyond the Bijnor Barrage (gated
dam), completed in 1984 with a loss of a 62-mi (100-km) seg-
ment of their habitat. In the Indus River, it does not inhabit
the tributaries above Chasma, Trimmu, Sidhnai, and Islam
Barrages, built from 1927 to 1971. Its southern range also has
shrunk; the lower limit in the Indus River is the Kotri Bar-
rage. Reduced precipitation may drastically affect their dis-
tribution, forcing the dolphins to leave smaller tributaries
during the dry season.

Habitat

These dolphins occupy rivers and tributaries that run
through hills (up to 820 ft [250 m] above sea level in Nepal)
and plains, some with turbulent rapids and sharp meanders.
River bends, mid-channel islands, or convergences of trib-
utaries create eddy countercurrents, a preferred habitat for
dolphins. Dolphins are found both in shallow and deep wa-
ter and appear to favor 10-30 ft (3-9 m) depths. Water tem-
peratures are 46.4-91.4°F (8-33°C). Dolphins have been
seen at the mouths of the rivers that flow into the Bay of
Bengal and are thought to disperse between the Ganges/
Bramahputra/Meghna and Karnaphuli/Sangua systems along
the coast. This may occur during the monsoon when a
freshwater plume from the river extends into coastal waters.

Behavior

A remarkable behavior is the dolphins’ side swimming,
with their tail slightly higher than the head, thought to be an
adaptation to very shallow waters. Aerial behaviors are un-
common, leaping being performed mainly by calves. Surfac-
ing usually occurs beak first, followed by the melon. Only the
front of the body is exposed. This is a very vocal species, which
produces pulsed sounds rather than whistles. For navigation
and foraging, they use echolocation in place of vision. Mostly
solitary, their mean group size is fewer than three individu-
als, although groups of 25-30 have been observed.

Feeding ecology and diet

They feed predominantly on benthic species, including re-
ports of catfish, herring, carp, gobies, and mahseers. Inverte-
brates such as prawns and clams have also been found in their

Ganges and Indus dolphin (Platanista gangetica). (lllustration by Pa-
tricia Ferrer)
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Family: Ganges and Indus dolphins

A Ganges and Indus river dolphin (Platanista gangetica) and fisherman, in India. (Photo by © Roland Seitre/Seapics.com. Reproduced by permission.)

stomach contents. In captivity, individual daily consumption
varies from 1-3.3 1b (500-1,500 g). In the Brahmaputra River,
they often feed in association with the river tern (Sterna au-
rantia), sightings of which may be used to help locate dol-
phins.

Reproductive biology

Sexual maturity is estimated at 10 years. Estimates of ges-
tation range 8-11 months. Neonate length is estimated at
3 ft (1 m). Lactation may last from two months up to one
year. Calving appears to occur throughout the year. Infor-
mation on other reproductive parameters and mating be-
havior is scarce.

Conservation status

River dolphins are among the world’s most threatened
mammals. P. gangetica is the second most vulnerable river dol-
phin, being classified as Endangered. In the Indus River, it
has lost a significant portion of its historical range. Subpop-
ulations in Nepal and the Karnaphuli River in Bangladesh are
believed to be close to extinction. In the Indus and Ganges
River systems, respectively, it is estimated that only a few hun-
dred and several thousand occur. Perhaps the worst threat is
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posed by nearly 100 water development projects such as dams,
barrages, embankments, and dikes. The dams reduce down-
stream flow and, hence, eliminate periodic enrichment dur-
ing flooding, reducing riverine productivity. Dams also
disrupt seasonal migrations and spawning habitat of fishes.
Over-fishing further aggravates this loss of prey. In addition,
dams split dolphins into smaller groups, potentially reducing
genetic diversity and compromising the long-term viability of
populations.

Hunting of dolphins is another threat. Tribal people in the
Bramahputra River, Nepal, and in parts of Bangladesh con-
tinue to hunt dolphins for meat and oil. Although the direct
hunt has decreased following implementation of protective
regulations in 1972, enforcement is ineffective and many fish-
ermen are unaware of the laws. By-catch occurs mainly in gill
nets and mosquito nets or kapda jal (very fine-meshed nets
that are illegal). It is estimated that 90-160 dolphins are
caught annually in monofilament gillnets in Sirajganj, a town
near the Jamuna River. It is unclear whether these catches
truly are accidental since the meat and oil are used as fish at-
tractants.

The high human population density in this region, com-
bined with poverty, also causes acute pollution problems from
untreated sewage and agricultural run-off. There are few tox-
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Ganges and Indus dolphins use their teeth to capture prey. (lllustration by Patricia Ferrer)

icological studies, but high concentrations of heavy metals
were found in a river dolphin neonate from Bangladesh.

The Asian River Dolphin Committee has proposed better
consideration of dam locations and monitoring of their im-
pacts. It also recommended creation of artificial eddy coun-
tercurrents and “Managed Resource Protected Areas,” where
fisheries are conducted in a sustainable manner.

Significance to humans

Its oil has been valued as medicine for a variety of dis-
eases (e.g., arthritis, rheumatism), as an aphrodisiac, and as
an ointment for humans and livestock in India, Bangladesh,

and Pakistan. It is also used as a fish attractant, and the meat
is consumed in some regions. A common practice of fish-
ermen in the Ganges and Bramahputra Rivers is to hang
pieces of dolphin meat on the side of the boat and sprinkle
the water with a mixture of oil and minced meat. In a site
where 15-20 boats target dolphins for oil, it was estimated
that about 20 dolphins are required annually for a fishery
that operates only two months per year. There is a consid-
erable demand for dolphin oil, especially in the catfish fish-
ery in northeast India. Recent research shows, however, that
fish scraps, freely available to fishermen, are equally effec-
tive as catfish bait. Thus, educating fishermen to use fish
oil rather than dolphin oil may be a promising conservation
measure.

Resources

Books
Berta, Annaliesa, and James L. Sumich. Marine Mammals
Evolutionary Biology. San Diego: Academic Press, 1999.

Klinowska, Margaret. Dolphins, Porpoises and Whales of the World.
Switzerland: International Union for the Conservation of
Nature and Natural Resources TUCN), 1991.

Perrin, William F., Bernd Wiirsig, and J. G. M. Thewissen.
Encyclopedia of Marine Mammals. San Diego: Academic
Press, 2002.

Pilleri, Giorgio. Die Gebeimmnisse der Blinden Delphine. Bern and
Stuttgart: Hallwag Verlag, 1975.

Ridgway, Sam H., and Richard J. Harrison. Handbook of Marine
Mammals. Vol. 4. London: Academic Press, 1989.

16

Periodicals

Cassens, 1., et al. “Independent Adaptation to Riverine
Habitats Allowed Survival of Ancient Cetacean Lineages.”
Proceedings of the National Academy of Sciences 97, no. 21
(2000): 11343-11347.

Pilleri, Giorgio. “Ethology, Bioacoustics, and Behavior of
Platanista indi in Captivity.” Investigations on Cetacea VI
(1976): 13-69.

Sinha, Ravindra K. “An Alternative to Dolphin Oil as a Fish
Attractant in the Ganges River System: Conservation of the
Ganges River Dolphin.” Biological Conservation 107 (2002):
253-257.

Grzimek’s Animal Life Encyclopedia



Vol. 15: Mammals IV

Resources

Smith, Brian D. “River Dolphin in Bangladesh: Conservation
and the Effects of Water Development.” Environmental
Management 22, no. 3 (1998): 323-335.

Yang, G., K. Zhou, W. Ren, G. Ji, and S. Liu. “Molecular
Systematics of River Dolphins Inferred From Complete
Mitochondrial Cytochrome-B Gene Sequence.” Marine
Mammal Science 18, no. 1 (2002): 20-29.

Organizations

The World Conservation Union (IUCN). Rue Mauverney 28,
Gland, 1196 Switzerland. Phone: 41 (22) 999-0000. Fax: 41
(22) 999-0000. E-mail: mail@iucn.org Web site: <http://
www.iucn.org>

Grzimek’s Animal Life Encyclopedia

Family: Ganges and Indus dolphins

Other

Reeves, Randall R., Brian D. Smith, and Toshio Kasuya.
“Biology and Conservation of Freshwater Cetaceans in
Asia.” The IUCN Species Survival Commission. Switzerland

and Cambridge: International Union for the Conservation
of Nature and Natural Resources (IUCN), 2000.

Reeves, Randall R., Stephen Leatherwood, and R. S. Lal
Mohan. “A Future for Asian River Dolphins.” Report from a
Seminar on the Conservation of River Dolphins in the Indian
Subcontinent. Bath, England: Whale and Dolphin
Conservation Society, 1993.

Paula Moreno, MS

17



Baijj

A

1S

(Lipotidae)

Class Mammalia
Order Cetacea
Suborder Odontoceti
Family Lipotidae

Thumbnail description

Light-colored dolphin with robust body, small
bluff head, tiny eyes set high on sides of head,
long narrow beak slightly upturned at tip, blunt-
peaked triangular dorsal fin, and broad flippers

Size
7.5-8.5 ft (2.3-2.5 m); 290-370 Ib (130-170
kg)

Number of genera, species
1 genus; 1 species

Habitat
Freshwater, rivers, and lakes

Conservation status
Critically Endangered

Distribution

Yangtze River of China, from Three Gorges to the sea, including tributary lake

systems

Evolution and systematics

Although the genus Prolipotes was assigned to a mandible
fragment from the Miocene of China, Fordyce and Muizon
considered this fossil specimen to be non-diagnostic and
therefore incertae sedis. The only good fossil cranial mater-
ial for a lipotid, belonging to the extremely long-beaked genus
Parapontoporia, comes from the latest Miocene (6-8 million
years ago [mya]) to Late Pliocene (24 mya) of Mexico and
California. Based on the fact that lipotids are known only from
the Northern Hemisphere, and there only from China (the
living baiji) and western North America (the long-extinct
Parapontoporia), it is provisionally assumed that the evolu-
tionary history of Lipotidae took place in the North Pacific.

The genus Lipotes was traditionally classified in either of two
families of long-beaked river dolphins—Platanistidae or Ini-
idae. In 1978 Zhou et al. proposed that it be assigned to a sep-
arate family, Lipotidae, on the basis of osteology and stomach
anatomy. Although Barnes later placed Lipotes in a subfamily
of Pontoporiidae, the current consensus supports placement of
Lipotes and Parapontoporia in their own family, Lipotidae. Un-
til recently, the four living genera of long-beaked “river dol-
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phins”—Platanista, Inia, Lipotes, and Pontoporia—were lumped
together in Simpson’s superfamily Platanistoidea. However, it
is now recognized that only Platanista, the Ganges and Indus
dolphin of the south Asian subcontinent, belongs in that su-
perfamily. Muizon has assigned Lipotes and Parapontoporia to
the monofamilial superfamily Lipotoidea.

The taxonomy of this species is Lipotes vexillifer Miller,
1918, Tung Ting Lake, about 600 mi (965 km) up the Yangtze
River, China. Other common names include: English: Chi-
nese lake dolphin, white fin dolphin, French: Baiji, dauphin
fluvia de Chine; Spanish: Baiji, delfin de China.
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Baiji (Lipotes vexillifer). (Illustration by Barbara Duperron)
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Physical characteristics

The baiji (Lipotes vexillifer) has a spindle-shaped, robust
body, with a rounded, rather bluff melon (forehead) and a
very long, narrow beak. The beak is often slightly upturned
at the tip. There are 30-34 teeth in each of the upper jaws
and 32-36 in the lower jaws. The eyes are small, regressed,
and dark, situated high on the sides of the head. The oval-
shaped blowhole is oriented longitudinally on top of the head,
slightly left of the midline. The baiji’s dorsal fin is low and
triangular, its flippers broad and rounded at the tips.

The baiji’s coloration is a subtle blend of gray, bluish gray,
and white. Basically, the dorsal surfaces are gray or bluish
gray, the ventral surfaces white or ashy white. A broad, ir-
regular white stripe sweeps up onto each side ahead of the
flipper, and two more brush strokes of white intrude onto the
gray sides of the tail stock.

Distribution

The baiji is endemic to the Yangtze River of China. Its
historical distribution extended for approximately 995 mi
(1,600 km), from the Yangtze estuary upstream to the Three
Gorges above Yichang (655 ft [200 m] above sea level). Dur-
ing floods, dolphins also entered the two large tributary lakes
of the Yangtze—Dongting and Poyang. During the great flood
of 1955, a few specimens were reported in the Fuchun River,
which flows into the East China Sea to the south of the
Yangtze mouth. In recent years, there have been no observa-
tions upstream of Shashi, which is about 93 mi (150 km) be-
low the Gezhouba Dam, which in turn is about 30 mi (50 km)
downstream of the Three Gorges.

Habitat

Within the Yangtze system, the baiji shows a strong pref-
erence for eddy countercurrents that form below meanders

A captive baiji (Lipotes vexillifer). (Photo by WANG Xiaogiang and WANG
Ding. Reproduced by permission.)
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A baiji (Lipotes vexillifer) eating fish, in China. (Photo by © Roland
Seitre/Seapics.com. Reproduced by permission.)

and channel convergences. Therefore, prime areas for find-
ing these dolphins tend to be near sandbanks, just below is-
lands, and where tributary streams enter or lakes connect with
the main channel.

Behavior

There has been little opportunity to study the baiji’s be-
havior in the wild, particularly over the last decade or two
when just finding a few animals has been a major challenge.
Group size ranges from two to seven; groups occasionally
form temporary aggregations of 15-20. Although baiji gen-
erally do not breach or exhibit aerial activity of any sort, they
typically expose the head and beak on the first surfacing af-
ter a dive. Dives can last one to two minutes. These dolphins
are strong swimmers; several animals were observed to move
60 mi (100 km) upriver against the Yangtze’s current in just
three days.

Feeding ecology and diet

Based on stomach contents of wild dolphins as well as the
behavior of captives, the baiji’s diet it believed to consist en-
tirely of small fish. It consumes a large variety of species, the
only limitation appearing to be the size of its mouth and
throat. Most fish eaten are less than 2.6 in (6.5 cm) long and
weigh less than 9 oz (250 g). Fish are ingested whole and
headfirst.
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The baiji (Lipotes vexillifer) uses its long snout to unearth food at the water’s bottom. (Photo by Thomas Jefferson. Reproduced by permission.)

Reproductive biology

Little is known because no observational research on baiji
reproduction has been conducted. All that is known about
the species’ reproductive biology has come from examina-
tions of specimens collected opportunistically, most of them
killed incidentally in fishing gear. Females apparently be-
come sexually mature at a body length greater than 6.5 ft (2
m). Males of approximately that length have mature, active
testes. Single calves, about 3 ft (91 cm) long, are born mainly
in spring, following gestation period of probably 10-11
months. Age at sexual maturation is about six (females) or
seven (males) years.

Conservation status

The baiji is the most endangered species of cetacean,
numbering only a few tens of individuals. It has probably
been declining in abundance and range for a very long time,
but there is little reliable information on absolute abundance
or trends for any time period. Dolphins apparently were still
common and widely distributed in the Yangtze when China’s
Great Leap Forward began in 1958. Intensive hunting for
meat, oil, and leather ensued. Purchasing stations along the
river received dead cetaceans from fishermen and supplied
them to a central leather factory where bags and gloves were
produced from baiji skin. A few hundred animals are believed
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to have survived as recently as the late 1970s, but the main
threats—incidental mortality in fisheries, heavy vessel traf-
fic, declining prey resources, and pollution—have continued
unabated.

Since 1986, efforts have been made within China to de-
velop “semi-natural reserves,” with the intention of provid-
ing safe refuges for dolphins. These reserves were expected
to provide opportunities for captive breeding and eventual re-
stocking of the river. However, only one animal was cap-
tured—an adult female translocated to the Shishou Baiji
Semi-natural Reserve near Wuhan in December 1995. She
survived for six months, and during that time no effort was
made to place her with the other captive baiji, a male that had
been salvaged after becoming hooked and entangled in fish-
ing line in 1980. This male died in 2002.

Despite full legal protection from deliberate harm since
1983, the baiji appears doomed. Its habitat has become thor-
oughly dominated by humans, and there is abundant evidence
that intensive human use of the Yangtze is incompatible with
the dolphin’s survival.

Significance to humans
The baiji is characterized in Chinese folklore as “Goddess
of the Yangtze.” Legends and myths portray the dolphin as a
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friendly and beneficent creature, and it was long revered by
fishing people along the Yangtze. Thus, the wanton killing of
the late 1950s and 1960s went against traditional cultural
norms and probably can be viewed as an aberration.

“Qi Qi,” the male baiji held at the Wuhan Institute of Hy-
drobiology from 1980 to 2002, was a symbol of hope for the
species. Most published baiji photographs and video footage
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depict “Qi Qi” in his tank. The symbolic importance of the
baiji to aquatic conservation in China may be likened to that
of the giant panda (Ailuropoda melanoleuca) to forest conser-
vation. It appears, however, that the baiji will become extinct
long before the giant panda, if for no other reason than be-
cause it has proven impossible to find, capture, and maintain
significant numbers of these dolphins in captivity.
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Franciscana dolphins
(Pontoporiidae)

Class Mammalia
Order Cetacea
Suborder Odontoceti
Family Pontoporiidae

Thumbnail description

Small gray or brown dolphin with very long and
slender beak and prominent forehead; the
flippers are broad with a squared trailing edge
and the dorsal fin is triangular with a rounded
tip

Size

Females 4.4-5.7 ft (1.34-1.74 m), males
4.1-5.2 ft (1.25-1.58 m); mature females
weigh 75-117 Ib (34-53 kg), males 64-94.8 Ib
(29-43 kg)

Number of genera, species
1 genus; 1 species

Habitat
Temperate coastal waters and estuaries

Conservation status
Data Deficient

Distribution

Central Atlantic waters of South America from Espirito Santo, Brazil (18°25’S) to
Peninsula Valdés (42°35'S), Argentina

Evolution and systematics

Two fossils (Pliopontes and Brachydelphis), dating from early
Pliocene and middle Miocene, were recovered from Peru.
Uncertainty continues to surround the fossil Parapontoporia;
some workers argue that it is similar to Lipotes (baiji) and in-
clude it in superfamily Lipotoidae.

Phylogenetic relationships continue to be debated. A con-
sensus suggests a close association between the franciscana
(Pontoporia blainvillei) and boto, or the Amazon River dolphin
(Inia  geoffrensis), forming a sister group of Delphinoidea
(porpoises, monodontids, and marine dolphins). Thus, P.
blainvillei is seen as distant from other river dolphins such as
the Ganges and Indus river dolphin, Platanista gangetica.

Pontoporia blainvillei is the single member of the family
Pontoporiidae. Together with I geoffrensis, it forms the su-
perfamily Inioidea. Classification of this species is still con-
troversial. By some, it has been grouped with Lipotes in the
family Pontoporidae, while other researchers combined the
three species under the family Iniidae.
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"The taxonomy for this species is Pontoporia blainvillei (Ger-
vais and d’Orbigny, 1844), mouth of the Rio de La Plata near
Montevideo, Uruguay. Other common names include: Eng-
lish: La Plata river dolphin; French: Dauphin de la Plata;
Spanish: Delfin de la Plata, tonina.

Physical characteristics

Franciscana is one of the smallest cetaceans, not exceed-
ing 5.2 ft (1.58 m) in males and 5.7 ft (1.74 m) in females.
The most distinct feature is the long and slender beak,
which in adults reaches 15% of the total length. The mouth
line is straight, curving slightly upward at the ends. The
forehead is prominent, particularly in juveniles. The dorsal
fin is triangular with a rounded tip. The flippers are broad
and truncated, while the flukes are crescent-shaped with a
medial notch. Like other river dolphins, all the cervical ver-
tebrae are separated, providing great flexibility. Coloration

is dark gray or brown, lighter ventrally and on the lower
flanks.
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The franciscana dolphin (Pontoporia blainvillei) eats bottom-dwelling
fish found with echolocation. Shown here is a close-up of its teeth.
(Photo by Anibal Parera. Reproduced by permission.)

The brain is the smallest among cetaceans (0.45-0.55 1b
[205-250 g]).

Distribution

Franciscana occurs in the coastal central Atlantic waters of
South America. Currently, it ranges from Espirito Santo in
southeastern Brazil to Golfo Nuevo, Peninsula Valdés in Ar-
gentina. Although related to other river dolphin species, it is
primarily a marine species. Franciscana is the only represen-
tative of the four river dolphins to inhabit marine waters. It
is also known as La Plata River dolphin because the first de-
scribed specimen was from the mouth of La Plata River in
Uruguay.

Morphometrical and genetic differences between dolphins
occurring south and north of Santa Catarina, Brazil, suggest
the existence of at least two populations.

The range of franciscana overlaps, at least partially, with
other small odontocete species such as the bottlenosed dol-
phin (Tursiops truncatus), dusky dolphin (Lagenorbynchus ob-
scurus), tucuxi (Sotalia fluviatilis), and Burmeister’s porpoise
(Phocoena spinipinmnis).

Habitat

Franciscana is found in coastal waters and estuaries, mainly
in shallow waters less than 100 ft (30 m) deep and within 30
nautical miles (56 km) of shore. Occasionally, it is found fur-
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ther offshore in waters up to 200 ft (60 m) deep. In much of
its range, the water is very turbid. Franciscanas are often found
in areas of high turbulence such as countercurrents and ed-
dies.

Unlike the case in Brazilian waters, seasonal movements
of franciscanas have been reported in Argentine waters, in
which dolphins move offshore during the winter. Seasonality
in Argentina has been attributed to the marked variation in
water temperature (42.8-69.8°F [6-21°C]), in contrast to the
more constant temperature in Brazilian waters (68-75.2°F
[20-24°C)).

Behavior

Franciscana are found in small groups of one to 15 dol-
phins, typically fewer than six animals. Their social organiza-
tion remains unknown, partly because these dolphins are
difficult to detect and observe. They seem to avoid boats and
spend very little time (4%) at the surface. Moreover, their col-
oration closely matches that of the murky waters they inhabit,
and their surfacing behavior is very inconspicuous. Typically,
the beak emerges first, followed by the head, then the body
arches forward, exposing little more than the dorsal fin.

Franciscanas produce low- to high-frequency clicks that
are associated with echolocation used for navigation and for-

aging.

Sevengill (Notorlynchus cepedianus) and hammerhead sharks
(Sphyrna spp.), and possibly killer whales (Orcinus orca), are
believed to be their only predators. However, direct attacks
by these species have not been documented.

In parts of its range, feeding and breeding is more preva-
lent near shore. Tides may influence activity patterns. For ex-
ample, feeding increases during high tide.

Feeding ecology and diet

Franciscanas have a diversified diet, consisting of at least
24 species of fish, cephalopods (e.g., squid, octopus), and, less
importantly, crustaceans such as shrimp. The target fish
species vary across their range, but mostly consist of demer-
sal (bottom-dwelling) species. Common prey fish species be-
long to the families Sciaenidae (croakers, drums), Engraulidae
(anchovies), and Batrachoididea (toadfishes). Prey is mostly
juvenile fish, less than 3.9 in (10 cm) long.

Franciscana may engage in cooperative feeding by swim-
ming in a circle in a coordinated manner, thus concentrating
the fish in the center.

Reproductive biology

Sexual maturity is reached between two to five years in fe-
males and two to three years in males. Researchers have re-
ported differences across its range of about one year in the
age of sexual maturity of females: Uruguay (2.8 years), Brazil
(3.7 years), and Argentina (4.5 years). However, more current
data are needed for Uruguay to allow reliable comparisons,
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Franciscana dolphin (Pontoporia blainvillei). (Illustration by Barbara
Duperron)

since estimates there are based on data collected more than
25 years ago.

After 11 months of gestation, females give birth to one calf,
whose length may range 2-2.6 ft (0.6-0.8 m). Lactation may
last nine months, but calves may start feeding on prey as early
as three months of age. Females may give birth every year or
every other year. Calving is seasonal in some areas, occurring
from September to December. In northern Brazil, calving oc-
curs throughout the year.

Compared to most odontocetes, franciscana has a lower
age of sexual maturity, shorter calving intervals, and a very
short life span (estimated at 15 years for females and 18-20
years for males). Their mating system is unknown.

Conservation status

Franciscana is endemic to the southwest Atlantic. Sadly, it
is the most rare, and among the most poorly understood, of
the South American dolphins. Its distribution makes it partic-
ularly vulnerable to entanglements in gillnets used in coastal
fisheries. It is one of the most threatened small cetaceans in
the southwest Adantic due to substantial incidental takes in
fisheries. Entanglements occur both in surface and bottom gill-
nets. Gillnet fisheries target sharks, anchovies, and sciaenids,
depending on the region. Incidental catches occur throughout
its range but are of particular concern on the coasts of south-
ern Brazil (Rio Grande do Sul) and Uruguay. In these areas,
density of franciscana is estimated to be 1.8 dolphins per mi’
(0.7 dolphins per km?®), and annual catches reach 550-1,500
dolphins. These takes correspond to an annual removal rate
of 1-3.5% of the stock. It is estimated that a 2% rate of re-
moval may not be sustainable for this population.
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Despite the growing pressure resulting from the rapid ex-
pansion of the coastal fisheries, franciscana is classified as Data
Deficient in the IUCN Red List. This is because estimates of
abundance and incidental mortality are unavailable for its en-
tire range. A recent study using population viability analysis
(PVA) to model the impact of incidental catches in southern
Brazil found that this population is decreasing. The same
model predicted that if the current incidental catch level per-
sists, this population could plummet to as little as 10% of its
current abundance within 25 years.

National regulations in all three countries of its range pro-
hibit hunting.

Significance to humans

Blubber of dolphins caught incidentally is occasionally
used as bait in the longline shark fishery. However, francis-
canas are not targeted for this purpose. In Uruguay, the blub-
ber oil has been used in the tanning industry, and carcasses
are discarded or used as fish flour.

The fin of a franciscana dolphin (Pontoporia blainvillei). (Photo by Anibal
Parera. Reproduced by permission.)
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Botos
(Iniidae)

Class Mammalia
Order Cetacea
Suborder Odontoceti
Family Iniidae

Thumbnail description

Pink or grayish dolphin with narrow, long beak
and prominent forehead; long flippers and low
dorsal crest

Size

Maximum length is 8.4 ft (2.55 m) for males
and 6.6 ft (2 m) for females; weight is 345 Ib
(156.5 kg) for males and 217 Ib (98.5 kg) for
females

Number of genera, species
1 genus; 1 species

Habitat
Rivers, tributaries, floodplains, and inundated
forests

Conservation status
Vulnerable

Distribution

South America in the Orinoco and Amazon river systems

Evolution and systematics

Ischyrorbyncus, a fossil from the late Miocene found in Ar-
gentina, is a confirmed ancestor of Inia geoffrensis that was
present in freshwater. Precisely how ancestors of boto entered
the Amazon remains unsolved. Two theories posit the timing
and origin of colonization in freshwater: one suggests an ear-
lier colonization from the Pacific Ocean about 15 million
years ago (mya), while the second proposes a more recent one
(1.8-5 mya) from the Atlantic Ocean. In spite of contentious
issues of phylogeny and taxonomy, a growing body of mor-

Boto (Inia geoffrensis). (Illustration by Patricia Ferrer)
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phologic, genetic, and fossil evidence position I geoffrensis
closest to franciscana (Pontoporia blainvillei), and suggest that
these two also are strongly related to Delphinoidea. Com-
pared to other river dolphins, I geoffiensis is the most recent
taxa. Presently, I. geoffrensis is divided into three subspecies:
I g. geoffrensis (mainstem Amazon River); 1. g. boliviensis (Ama-
zon in eastern Bolivia); and 1. g. humboldtiana (Orinoco River).
This analysis is supported by morphologic studies and, in the
case of the first two subspecies, also by molecular evidence.

The taxonomy for this species is Inia geoffrensis (Blainville,
1817), probably Upper Amazon. Other common names in-
clude: English: Amazon River dolphin, pink river dolphin;
French: Dauphin de ’Amazone, inia; Spanish: Bufeo.

Physical characteristics

Bulky, with a prominent forehead and a long snout with
sparse hair. The dorsal fin is reduced to a long dorsal crest.
The flippers are large, paddle-shaped, and can rotate freely.
The peduncle is compressed laterally and the flukes have a
concave trailing edge with a medial notch. Botos are very flex-
ible, largely due to free cervical vertebra.
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Botos (/nia geoffrensis) are able to swim in very shallow water. (Photo
by Flip Nicklin/Minden Pictures. Reproduced by permission.)

Their eyes are very small but, unlike the Ganges and In-
dus dolphin, they provide good vision, both underwater and
above it.

Coloration varies, apparently related to age and environ-
mental factors such as water clarity. Calves are dark gray,
while adults are pink. Dolphins living in “black waters” are
generally darker than those from “white waters.”

Distribution

Widely distributed in the main rivers of Amazon and
Orinoco basins throughout Venezuela, Colombia, Ecuador,
Guyana, Peru, Bolivia, and Brazil.

Fast-moving water such as Teotonio rapids in the Madeira
River constitute barriers to the species’ dispersal.

Current or historical abundance estimates for their entire
range are unavailable. A growing number of surveys have pro-
vided local densities. This is the most abundant of the river
dolphins, but population numbers are generally unknown.

28

Vol. 15: Mammals IV

Habitat

Exclusively a freshwater species, the boto occupies rivers,
tributaries, and lakes, but does not tolerate the brackish wa-
ters of estuaries. It has an affinity for high turbulence zones,
often where tributaries merge and where there are higher prey
concentrations. The Amazon and Orinoco drainages undergo
seasonal flood cycles, causing the water level to rise or fall up
to 33 ft (10 m). The rainy season is from November to May
and the dry season is from June to October. During flooding,
dolphins disperse into floodplains and inundated forests
where plentiful seeds and fruits attract fish. When the waters
recede, the dolphins migrate back into the main channels of
rivers or into deep pools. Water temperature where boto oc-
curs ranges from 73.4 to 86°F (23-30°C). It shares its habi-
tat with another river dolphin, Sotalia fluviatilis (tucuxi), which
is not strictly a freshwater dolphin.

Behavior

Typically, sightings consist of single individuals, pairs, or
a few individuals to a few dozen. Botos swim slowly but are
extremely maneuverable, negotiating shallow waters and
making their way around obstacles such as woody debris. A
common mode of surfacing is ascending horizontally and
showing only the top of the head. A much briefer surfacing,
associated with deep-diving, occurs when a boto breaks the
water with the snout and then exposes the dorsal crest by
arching and rolling forward. Leaping out of the water is rare.
Sometimes, the dolphins’ presence can be detected even
without seeing them because of the loud blowing sound pro-
duced when they exhale.

Botos (/nia geoffrensis) have sharp teeth to help them feed on turtles
and crabs. (Photo by Flip Nicklin/Minden Pictures. Reproduced by per-
mission.)
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A boto (Inia geoffrensis), also known as a pink river dolphin, swimming
in the Orinoco River. (Photo by Gregory Ochocki/Photo Researchers,
Inc. Reproduced by permission.)

Botos are very curious and playful, using almost any ob-
ject available (logs, turtles, or paddles) as toys. This phe-
nomenon is also observed in captivity.

Nearly 40 dolphins were tracked with radio transmitters
in Mamiraua System, Brazil, showing some individuals to be
year-round residents. There is evidence that the boto uses
echolocation for navigation and to capture prey. The sounds
they produce are known as “clicks,” which are predominantly
between 85 and 100 kHz, well above the frequency audible
to human beings. The boto also produces low-frequency
sounds. Some researchers have recorded only pulsed sounds,
while others have also recorded whistling. Further research is
needed to determine whether the boto produces whistles and,
if so, whether these sounds have similar functions to those
made by oceanic species.

Feeding ecology and diet

Their agility allows the boto to pursue and capture fish in
shallow or deep channels and in densely vegetated areas. Feed-
ing tends to occur more often during early morning or in the
afternoon. However, nocturnal fish species have also been
found among stomach contents, suggesting that night feed-
ing may occur.

The boto diet includes over 40 species of fish, mainly sci-
aenids, cichlids, and characins. The size of fishes varies 2-31
in (5-80 cm), but is typically 8 in (20 cm). Crustaceans, mol-
lusks, and turtles have also been found in stomachs. Their
teeth are differentiated into conical and molar-like teeth that
facilitate masticating prey with hard exteriors. This dentition
is unique among dolphins, which commonly have equal-sized
conical teeth suited for grasping.

Reproductive biology

Reproduction is seasonal. Peak of births varies with river
systems, but is generally between May and August. It is still
unclear how calving season relates to the flood cycle of the
rivers. Best and da Silva (1989) reported that in the Amazon,
births appeared to be associated with seasonally receding wa-
ters and suggested that this timing would be favorable for

Grzimek’s Animal Life Encyclopedia

Family: Botos

pregnant and lactating females because prey fish would be-
come more concentrated as surface waters diminished. How-
ever, in a tributary of the Orinoco River, McGuire and
Winemiller (1998) observed calves when water levels began
to rise, but never witnessed them during the period of falling
waters. Lactation lasts more than one year, and females give
birth every two to three years.

Sexual maturity (about five years old) is reached at total
body lengths of 6.6 ft (2 m) and 5.2-5.9 ft (1.6-1.8 m) in males
and females, respectively. Gestation is estimated at 10-11
months. The length at birth is approximately 2.6 ft (0.8 m).

The species’ mating system is unknown. This is partly be-
cause their behavior and morphology hinder identification of
individuals.

Conservation status

Although its range does not appear to be shrinking, the
boto faces many serious threats to its habitat. Thus, it is clas-
sified as Vulnerable. National protective regulations are still

incomplete, and most are recent. In Brazil, botos became pro-
tected in 1986.

Hydroelectric dams are common throughout the Orinoco
and Amazon Rivers, and construction of many more are
planned. Dams isolate dolphin populations into ever-smaller
groups, making them increasingly vulnerable to environmen-
tal changes because of reduced genetic diversity. Moreover,
dams and extensive deforestation reduce fish productivity.
Pollution is another concern: mercury used in gold mining
and pesticides, which tend to bio-accumulate in animals

A boto (Inia geoffrensis) leaping, near Venezuela. (Photo by © Fernando
Trujillo/Seapics.com. Reproduced by permission.)
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Botos (Inia geoffrensis) lack distal and dorsal fins. (Photo by Flip Nicklin/Minden Pictures. Reproduced by permission.)

higher on the food chain, are particularly detrimental to top
predators like dolphins. Females transfer pollutants to their
calves while nursing. Very few studies have reported on lev-
els of toxic substances in fish and dolphins. Pesticides and high
concentrations of mercury—close to levels considered toxic
for humans—were detected in milk of botos. Pulp mills are
also an important source of pollution. As the use of gill nets
and seine nets increases, so does the incidence of entangle-
ments. Although illegal, dynamite fishing still occurs and at-
tracts dolphins to feed on stunned fish, exposing them to
subsequent blasts. Preservation of boto habitat will require
implementation of environmental impact assessment for new
dams and monitoring pollution levels.

Significance to humans
During the 1960s and 1970s, about 100 dolphins were cap-
tured for exhibition at aquaria and oceanaria. Of these, about
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70% went to the United States. However, high mortality oc-
curred. Presently, only a handful are still exhibited worldwide.
Many of these deaths resulted from aggression between the
dolphins. Considering that botos do not generally occur in
large groups, it is likely that confining several botos in small
enclosures prevented them from maintaining minimum nec-
essary spacing.

The boto once was a strong cultural influence on indige-
nous people—the focus of many folk tales and superstitions.
It was both respected and feared for its supposed supernat-
ural powers and its reputed ability to bring misfortune. Cur-
rently, dolphins interfere with fisheries, damaging nets while
stealing fish. There are no reports of direct dolphin killings
other than to stop destruction of fishing gear. However, when
they are killed or found dead, genitalia and eyes are some-
times traded as love charms.
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Porpoises

(Phocoenidae)
Class Mammalia
Order Cetacea
Suborder Odontoceti
Family Phocoenidae
Thumbnail description
Small to medium dolphin-like aquatic carnivores
with dark gray to black body covering and a pale
gray underbelly, the absence of a distinct beak,
compressed spatula-shaped teeth, fused neck
vertebrae, small triangular-shaped dorsal fins,
and a rounder shape than their dolphin relations
Size
4.8-6.5 ft (1.4-2.0 m); 90-485 Ib (40-220 kg)
Number of genera, species
3 genera; 6 species Distribution

Globally distributed across the northern Pacific and Atlantic Oceans, along the

Habitat
Oceans, bays, harbors, estuaries, rivers; deep,
shallow, benthic, and pelagic

Conservation status

Critically Endangered: 1 species; Threatened: 1
species; Lower Risk/Conservation Dependent: 1
species; Data Deficient: 3 species

Evolution and systematics

While dolphins and porpoises are both related to the
squalodonts (earliest true-toothed whales) and the kentridon-
tids (ancestral dolphins), porpoises have been distinct and set
apart from dolphins for approximately 11 million years.

Porpoises started to appear in the fossil record during the
Miocene epoch, around 10 to 12 million years ago (mya).
Scientists conjecture that they probably resembled modern-
day finless porpoises, Neophocaena phocaenoides, and lived in
the same type of habitat—the warm, tropical waters of the
Pacific Ocean.

According to the fossil record, the original Neophocaenid
ancestor that later colonized the temperate and subarctic re-
gions of the North Pacific from the late Miocene onwards,
most likely gave rise to the genus Phocoenoides, to which the
Dall’s porpoise (P. dalli) also belongs. The Phocoenid por-
poises emerged sometime in the middle of the Pliocene. By
that time, the genus Phocoena appeared to have already colo-
nized both the Northern and Southern Hemispheres. It has
been hypothesized that their migratory movements most
likely coincided with the equatorial inflow of cooler subtrop-
ical waters during the cooler periods of the Pliocene, or in
another scenario, during the glacial intervals in the Pleis-
tocene. The original ancestor in the north is believed to have
led to the emergence of the harbor porpoise (P. phocoena),
while its southern radiations resulted in at least two other
species—Burmeister’s porpoise (P. spinipinnis) and the spec-
tacled porpoise (P. dioptrica).
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coasts of South America, and the northern and southern Indian Ocean

The vaquita (P. sinus), believed to be the “youngest” species
in the genus, appears to have descended from the modern
Burmeister’s porpoise after it migrated to the Northern
Hemisphere during the cooler periods of the late Pleistocene
but was later cut off in the upper Sea of Cortez when tropi-
cal waters warmed up and the last glaciers made their retreat.

Physical characteristics

Typical of most porpoises is the absence of a forehead or
beak on their small rounded heads. The six neck vertebrae of
a porpoise are extremely foreshortened and fused together to
create an immobile neck, with the body tapering down to a
pair of notched flukes. Contrary to the hooked or curved dor-
sal fins of dolphins, the ones found in most porpoises are well
defined and triangular in shape and matched by small pointed
or rounded flippers usually positioned near the head. The
leading edge of the dorsal fin may also be lined with rows of
tubercles, or circular bumps. Unlike the homodont, conical
teeth of dolphins, porpoises possess spatulate (spade-shaped)
teeth in both jaws.

While female porpoises are generally larger than the
males—except in spectacled porpoises, where the reverse
holds true—a considerable range of morphological variation
exists between the different species of porpoises. Differences
in stockiness, robustness, and coloration can sometimes oc-
cur even within individual species. For instance, three differ-
ent color patterns have been observed in Dall’s porpoise alone:
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Dall’s porpoise (Phocoenoides dalli) inhabits the cooler waters of the
North Pacific. (Photo by © Robert L. Pitman/Seapics.com. Reproduced
by permission.)

uniform black or uniform white; inter-mixed stripes of black
and white across the length of the body; and a solid black dor-
sal portion with a white underside. The finless porpoise,
which resembles a small Beluga whale (Delphinapterus leucas),
has a light coloration which darkens slightly with age and
quickly turns black after death. Eight stocks of Dall’s por-
poise, found in the Pacific waters of Japan, are recognized by
the International Whaling Commission, with each stock hav-
ing its own unique color morphotype.

Most species have significant characteristics that distin-
guish them from one another. The spectacled porpoise has
eyes surrounded by a black circle edged in white, giving the
illusion that the mammal is wearing eyeglasses. The finless
porpoise has a lack of dorsal fin, while the harbor porpoise
has a pronounced keel, or distinctive bulge on the tail stock
near the flukes.

Distribution

It is commonly believed that porpoises originated in the
North Pacific and then later spread to the Atlantic and south-
ern waters, although they can be sighted today in rivers and
estuaries as well. Harbor porpoises can be found in the tem-
perate waters of the Northern Hemisphere and generally in-
habit coastal waters with a depth of less than 500 ft (152 m).
In fact, their common name is derived from regular appear-
ance in bays and harbors. Spectacled porpoises are only found
in the temperate and subantarctic waters of the Southern
Hemisphere, while Burmeister’s porpoises can only be located
in the coastal waters of South America, around the southern
coastline of Tierra del Fuego towards northern Peru.

Dall’s porpoises are only found in the Pacific Ocean in the
Northern Hemisphere and range across the entire North Pa-
cific at latitudes greater than 32°N but not any further be-
yond the lower, deeper half of the Bering Sea. Generally
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oceanic in nature, they also appear to prefer cold waters and
are not usually found in the southern extremes of their range
during the summer months.

Vaquitas, the smallest of all porpoises and perhaps even all
cetaceans, have the most restricted range of any marine
cetacean as they appear to live only in the northern end of
the Gulf of California. Most sightings of vaquita are in shal-
low water of less than 130 ft (40 m) and within 16 mi (25 km)
of shore.

More widely distributed are the finless porpoises, which
can be found in the coastal waters of Asia from the Persian
Gulf, east and north to central Japan, and as far south as the
northern coast of Java and the Strait of Sunda. Frequently
sighted near the coast, they are described as a coastal, estu-
arine, or riverine species.

Studies of the harbor porpoise in Monterey Bay suggest a
seasonal north-to-south migratory pattern along the coast of
California, according to the seasonal availability of prey items.
While this wide range of distribution suggests a significant
population of harbor porpoises, specific numbers remain un-
known.

Habitat

Because of their long-range migratory patterns, porpoises
live in a variety of habitats. While the spectacled porpoise
prefers the cold temperate waters and subantarctic waters of
the Southern Hemisphere, specifically the coastal waters of
eastern South America, for instance, the finless porpoise
prefers saltwater and freshwater environs, such as estuaries,
mangroves, and rivers. Porpoises may be both benthic or
pelagic. For example, Burmeister’s porpoises inhabit the shal-
low temperate waters of coastal South America, but Dall’s

A harbor porpoise (Phocoena phocoena) in a kelp bed. (Photo by
© Florian Graner/Seapics.com. Reproduced by permission.)
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The finless porpoise (Neophocaena phocaenoides) can be found in
both fresh and saltwater environments. (Photo by WANG Xiaogiang and
WANG Ding. Reproduced by permission.)

porpoises are found in the deeper waters of the northern
North Pacific and Bering Sea.

Behavior

Frequently elusive, secretive, unapproachable, and wary of
human presence, porpoises are rarely observed in groups of
more than a few individuals. Vaquitas in particular inten-
tionally seem to avoid boats. On the other hand, the Yangtze
River populations of finless porpoises are atypically unfazed
by boats or people, probably because they have become ac-
customed to the river’s heavy traffic. They have also been ob-
served in groups of five to 10 individuals and even in pods of
50 members, perhaps in order to take advantage of rich feed-
ing grounds.

Feeding ecology and diet

Dietary preferences naturally follow the range of habitat
that porpoises are situated in. Harbor porpoises are deep
divers, capable of reaching depths in excess of 650 ft (200 m)
and their diet tends to consist of herring, capelin, and gadoid
fishes such as pollack and hake. Recently weaned porpoises
eat euphausiid shrimp. Vaquitas, on the other hand, feed pri-
marily on teleost fishes and squids that are commonly found
in the demersal and benthic zones of the shallow waters of
the upper Gulf of California, while Burmeister’s porpoises
feed primarily on anchovy and hake, although squid, mysid
shrimp and euphasiids are also consumed. Burmeister’s por-
poises in Chilean waters also appear to eat mollusks. In the
Pacific Ocean, Dall’s porpoises feed on a wide variety of fish
and cephalopods, most of which are deepwater or vertically
migratory in nature. Almost nothing is known about the food
preferences of spectacled porpoises although a single stranded
animal found in Argentina had anchovy and small crustaceans
in its stomach.
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Reproductive biology

Porpoises, on average, become sexually mature between
three and five years of age, after which the females produce
one calf annually. Calving season for Dall’s porpoises take
place during the summer from June to September and gesta-
tion lasts about 11 months. Subsequently, mothers tend to
nurse their young for approximately two years.

Knowledge of porpoise reproductive biology is not uni-
form for the various species. The vaquita, because of its elu-
siveness, is virtually undocumented, although it has been

noted that their juveniles have white spots on the leading edge
of the dorsal fin.

Conservation status

Many harbor porpoise populations around the world have
been depleted through bycatch by fisheries, with chemical and
noise pollution acting as a contributing factor. In North
America alone, bottom-set gill nets catch hundreds of por-
poises annually. This has led some countries to afford them
special status. In Atlantic Canada, harbor porpoises are listed
as Threatened by the Committee on the Status of Endan-
gered Wildlife in Canada (COSEWIC). Northwest Atlantic
harbor porpoises are designated as a Strategic Stock under
the U. S. Marine Mammal Protection Act (MMPA) because
current levels of killing exceed the estimated Potential Bio-
logical Removal (PBR) level for the population. Under the
IUCN Red List of Threatened Species, harbor porpoises are
listed as Vulnerable.

Very little is known about the abundance of the vaquita,
although a 1997 abundance survey, jointly conducted by the
National Fisheries Institute of Mexico and the U.S. National
Marine Fisheries placed an estimate at 547 animals, with a
95% confidence interval of between 177 and 1,073 individu-
als. Vaquitas are currently listed on the [IUCN Red List of
Threatened Species as Critically Endangered. The greatest

The finless porpoise (Neophocaena phocaenoides) has a beakless
head. (Photo by WANG Xiaogiang and WANG Ding. Reproduced by per-
mission.)
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A group of finless porpoises (Neophocaena phocaenoides). (Photo by
Thomas Jefferson. Reproduced by permission.)

threat to remaining populations of vaquita is incidental mor-
tality in fishing gear since vaquitas are known to die in gill
nets legally set for sharks, rays, mackerel, and chano, and il-
legal but occasionally permitted gill nets set for totoaba (70-
toaba macdonaldi), an endangered species of fish.

There are no abundance estimates for the spectacled por-
poises, Burmeister’s porpoises, or finless porpoises, although
bycatch and the occasional harpooning for bait or human con-
sumption are also seen as the largest threats to their popula-
tions. The IUCN list them as Data Deficient under the Red
List of Threatened Species. Threats to finless porpoises in
the Yangtze River include incidental mortality from entan-
glement in passive fishing gear, electric fishing, collisions with
powered vessels, and exposure to explosives used for harbor
construction. Most of their habitat, according to the IUCN,
has undergone severe degradation due to the damming of the
Yangtze tributaries and the high volume of traffic in the river.

Significantly more abundant are the Dall’s porpoises,
which are listed as Lower Risk/Conservation Dependent by
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TUCN. One estimate places their numbers in the North Pa-
cific and Bering Sea at 1,185,000. Despite their existing num-
bers, these porpoises have also been taken in large numbers
in a variety of Asian-based pelagic drift net fisheries for salmon
and squid. Directed fisheries may also pose a threat to their
populations.

Several mitigation measures have been put in place to re-
duce the large bycatches of porpoises, including an acoustic
deterrent device known as a “pinger,” which alerts porpoises
to echolocate in the presence of nets. However, it was dis-
covered that harbor porpoises habituate to pingers, thus re-
ducing their effectiveness over time.

Significance to humans

From the 1830s until the end of World War 1I, a major
fishery for harbor porpoises in the Lille Balt in Denmark took
several hundred to more than a thousand animals annually.
Before Turkish fisheries were suspended in 1983, 34,000
44,000 animals were taken per year between 1976 and 1981,
with harbor porpoises making up about 80% of the total catch.

The harbor porpoise (Phocoena phocoena) must come up for air about
every 25 seconds. (Photo by © Armin Maywald/Seapics.com. Repro-
duced by permission.)
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1. Burmeister’'s porpoise (Phocoena spinipinnis); 2. Harbor porpoise (Phocoena phocoena). (lllustration by Michelle Meneghini)
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Species

Harbor porpoise

Phocoena phocoena

SUBFAMILY
Phocoenidae

TAXONOMY
Phocoena phocoena (Linneaus, 1758), Baltic Sea.

OTHER COMMON NAMES
English: Common porpoise; French: Marsouin commun.

PHYSICAL CHARACTERISTICS

Length 4.9-6.6 ft (1.5-2.0 m); weight 99-143 1b (45-65 kg).
Forehead and beak are absent from the head; mouth is short
and straight while curving slightly at the ends; dorsal side is of-
ten deep brown or gray; ventral side ranges from light gray to
white; lips and chin are black; black lines extend from the jaw-
line to the flippers.

DISTRIBUTION

Mainly in the North Atlantic and northern Pacific, with popu-
lations in western Europe and the North American coasts; a
seasonal north-to-south migratory pattern along the coast of
California. A 1995 ship survey in northern California found a
specific distribution according to water depth—significantly
more porpoises than expected occurred at depths of 65-200 ft
(20-60 m) and fewer at depths of more than 200 ft (60 m).
There is also a colony of harbor porpoises in the Mediter-
ranean Sea.
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accounts

HABITAT

Coastal temperate and subarctic waters of the North Atlantic
and northern Pacific; bays, rivers, estuaries, and tidal channels
in Western Europe and both coasts of North America.

BEHAVIOR

Secretive and seldom observed in the wild; can be identified by
the distinct sound it produces, which is a puffing noise resem-
bling a sneeze.

FEEDING ECOLOGY AND DIET
Mostly cephalopods and fishes; schooling non-spiny fishes such
as herring, mackerel, and sardine.

REPRODUCTIVE BIOLOGY

Mating season occurs in the summer, from June to October af-
ter a gestation period of 11 months; age and length of sexual
maturity is still being debated.

CONSERVATION STATUS

Listed as Threatened by COSEWIC; Strategic Stock under
the U. S. MMPA; Vulnerable by the [IUCN Red List of
Threatened Species. Bycatches are known to be high in the
North Sea, and in France, Spain, and Portugal, although the
extent of these bycatches is unknown.

SIGNIFICANCE TO HUMANS
Direct fishing for food and oil. ¢

Phocoena phocoena

Phocoena spinipinnis
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Burmeister’s porpoise
Phocoena spinipinnis

SUBFAMILY
Phocoenidae

TAXONOMY
Phocoena spinipinnis Burmeister, 1865, Buenos Aires, Argentina.

OTHER COMMON NAMES
English: Black porpoise; French: Marsouin de Burmeister;
Spanish: Marsopa espinosa.

PHYSICAL CHARACTERISTICS

Length 4.6-5.9 ft (1.4-1.8 m); weight 88-154 Ib (40-70 kg);
dorsal side is dark gray to black in color; ventral portion is
slightly lighter; referred to as the “black porpoise” because it
turns completely black after death.

DISTRIBUTION

Mostly in the Atlantic and Pacific Oceans, along the coastal
waters of South America—the coast of Brazil, south along the
coastlines of Tierra del Fuego, and the Falkland Islands north
into the coastal Pacific waters of Peru.

HABITAT
Shallow waters of less than 500 ft (152 m) depth; rivers and es-
tuaries; coasts bordering the Atlantic and Pacific Oceans.

Family: Porpoises

BEHAVIOR

Travel is usually in small groups, although observers have
rarely found more than eight individuals together at any one
time. They swim in quick, jerky movements but remain fairly
inconspicuous and barely break the surface of the water when
they come up to breathe. Burmeister’s porpoises are very timid
and scatter rapidly when approached by boats, and can be
identified on the surface by respiration sounds.

FEEDING ECOLOGY AND DIET
Primarily anchovies and hake. Also squid, euphasiids, mysid
shrimp, up to nine species of fish, and mollusks.

REPRODUCTIVE BIOLOGY

Sexual maturity peaks at an average length of 61 in (155 cm)
for males and 63 in (160 cm) for females; mating season occurs
from June to September, with calving in May through August
after a gestation of 10 months.

CONSERVATION STATUS
Listed as Data Deficient by the ITUCN.

SIGNIFICANCE TO HUMANS

Like most cetaceans, Burmeister’s porpoises are frequently in-
advertent bycatch in fishing nets. In Peru and Chile, animals
are shot or harpooned and then sold for their meat, either as
bait in crab fisheries or for human consumption. After stricter
legislation was implemented in 1994, purposeful catches have
declined, although bycatches have not. ¢

Common name /

Brillenschweinswal; Spanish:
Marsopa de anteojo

Finless porpoise
Neophocaena phocaenoides
French: Marsouin aptére,
marsouin sans nageoires;
German: Glattschweinswal;
Spanish: Marsopa negra

Vaquita
Phocoena sinus

Marsouin du Golfe de
Californie; German:
Kalifornischer Schweinswal;
Spanish: Gochito

Dall’s porpoise
Phocoenoides dalli
French: Marsouin de Dall;
German:
WeiBflankenschweinswal;
Spanish: Marsopa de Dall

English: Gulf porpoise; French:

triangular, head is small and rounded,
little forehead present. Males are
generally larger than females. Head and
body length 4.9-6.6 ft (1.5-2.0 m),
weight 132-185 Ib (60-84 kg).

Coloration is blue-gray. Small ridge runs
from blowhole to tail flukes. Small,
curving mouth. Head and body length
6.2 ft (1.9 m), weight 66-99 Ib

(30-45 kg).

Coloration is gray, paler on sides, and
gray or white belly. Dark patch around
eyes and mouth. Triangular dorsal fin,
bumps and whitish spots on leading
edge. Head and body length 3.9-4.9 ft
(1.2-1.5 m), weight up to 121 Ib (55 kg).

Narrow mouth, steeply sloping forehead,
small flippers, triangular dorsal fin.
White patch on belly and flanks. Head
and body length 5.6-7.2 ft (1.7-2.2 m),
weight 298-485 Ib (135-220 kg).

reproductive cycles.

Found in shallow, warm
waters. Group size is 1-4
individuals, though
aggregations of 20-50 are
not uncommon. They are
known to spy-hop, and some
mothers carry their calves
upon their backs.

Found in shallow, murky
waters of the Gulf of
California. Groups consists
of 1-5 individuals, but
primarily solitary. Multi-male
breeding systems, sonar is
used in communication.

Often found in water with a
surface temperature between
37.4°Fand 68°F (3—-20°C) in
open ocean, some in more
coastal waters. Groups
consist of 10-20 individuals,
aggregations of several
thousand are not uncommon.
Forwardly directed splashes,
known as a “rooster

tail.”

Coastal waters and all
major rivers of the
Indian and western
Pacific Oceans.

Fish, shrimp, prawns,
and octopus.

Scientific name/ Physical Habitat and Conservation
Other common names characteristics behavior Distribution Diet status
Spectacled porpoise Coloration is black, ventral areas are light Prefer cold (41.9-49.1°F/5.5- Temperate and Mainly anchovy and Data Deficient
Phocoena dioptrica gray. Black coloration around eye, giving  9.5°C), open oceanic waters.  subantarctic waters of ~small crustaceans.

French: Marsouin de lahille, the appearance of an eye patch, usually ~ Good swimmer, very shy. the Southern
marsouin a lunettes; German:  outlined by white. Dorsal fins are Little is known of Hemisphere.

Data Deficient

Northern end of the Consists mainly of squid, Critically
Gulf of California. grunt, and croaker. Endangered
North Pacific Ocean Fish and squid in the Lower Risk/
and adjacent seas. open ocean, and Conservation
schooling fish in coastal ~ Dependent

areas.

Grzimek’s Animal Life Encyclopedia

39



Family: Porpoises

Vol. 15: Mammals IV

Resources

Books

Gaskin, D. E. The Ecology of Whales and Dolphins. London:
Heinemann Educational Books Ltd., 1982.

Jefferson, T. A., S. Leatherwood, and M. A. Webber. The
Marine Mammals of the World. FAO Species Identification
Guide. Rome: United Nations Environmental Programme,
1993.

Klinowska, M. Dolphins, Porpoises and Whales of the World. The
IUCN Red Data Book. Gland, Switzerland: TUCN, 1991.

Perrin, W. F., G. P. Donovan, and J. Barlow. Gillnets and
Cetaceans. Cambridge: International Whaling Commission,
1994.

Ridgeway, S. H., and R. Harrison, eds. Handbook of Marine
Mammals. Vol. 6, The Second Book of Dolphins and Porpoises.
San Diego: Academic Press, 1999.

Tolley, K. A. Population Structure and Phylogeography of Harbor
Porpoises in the North Atlantic. Bergen, Norway: Department

of Fisheries and Marine Biology, University of Bergen, 2001.

40

Periodicals

Caretta, J. V, B. L. Taylor, and S. J. Chivers. “Abundance and
Depth Distribution of Harbor Porpoise (Phocoena phocoena)
in Northern California Determined From a 1995 Ship
Survey.” Fish Bulletin 99, no. 1 (2001): 29-39.

Cox, T. M., A. J. Read, A. Solow, and N. Trengenza. “Will
Harbor Porpoises (Phocoena phocoena) Habituate to Pingers?”
Fournal of Cetacean Research and Management 3, no. 1 (2001):
81-86.

Frantzis, A., J. Gordon, G. Hassidis, and A. Komnenou. “The
Enigma of Harbor Porpoise Presence in the Mediterranean
Sea.” Marine Mammal Science 17, no. 4 (2001): 937-944.

Law, T. C., and R. W. Blake. “Swimming Behaviors and
Speeds of Wild Dall’s Porpoises (Phocoenoides dalli).” Marine
Mammal Science 10, no. 2 (1994): 208-213.

Sekiguchi, K. “Occurrence, Behavior and Feeding Habits of
Harbor Porpoises (Phocoena phocoena) at Pajaro Dunes,
Monterey Bay, California.” Aquatic Mammals 21, no. 2
(1995): 91-103.

Jasmin Chua, MS

Grzimek’s Animal Life Encyclopedia



A
Dolphins

(Delphinidae)

Class Mammalia
Order Cetacea
Suborder Odontoceti
Family Delphinidae

Thumbnail description

Medium to large fully aquatic carnivores,
characterized by a fusiform body, a head with a
projecting beak carrying homodont teeth, well-
formed eyes, lacking external ears, a single
blowhole on top for respiration, pectoral
appendages reduced to flippers, loss of pelvic
appendages, and a horizontal tail consisting of
two flukes for propulsion

Size

4.5-30 ft (1.4-9.0 m); 117-12,000 Ib

(53-5,600 kg) Distribution

Worldwide in all pelagic and coastal marine waters from the Arctic ice edge to the

Number of genera, species
17 genera; 34 species

Habitat
Oceans, bays, estuaries, and rivers

Conservation status

Endangered: 1 species; Lower
Risk/Conservation Dependent: 5 species; Data
Deficient: 17 species

Evolution and systematics

The cetaceans appear to have been derived from ancient
ungulate stock. The earliest whales are described as archaeo-
cetes, which evolved from mesonychian condylarths. The
mesonychids were ungulate ancestors that were primarily ter-
restrial. Fossil archaeocetes from about 52-42 million years
ago (mya) have been found in Africa, North America, Pak-
istan, and India. Recent fossil findings have identified a “walk-
ing whale” of the genus Ambulocetus as a clear example of the
transition from terrestrial to aquatic life. One of the more ob-
vious evolutionary developments in the transition from ar-
chaeocetes to modern cetaceans was the movement of bones
in the skull as the nasal openings migrated to the more ef-
fective position on top of the cetacean’s head. This telescop-
ing resulted in elongated premaxillary and maxillary bones of
the skull, creating a rostrum or beak. Baleen whales (Mys-
ticetes) and toothed whales (Odontocetes) appear to have di-
verged about 25-35 mya. Three families of archaic, extinct
dolphins are known from the Miocene. These led to the cur-
rent family Delphinidae, which is now the most diverse of the
cetacean families. The first modern dolphins appeared in the
fossil record from about 11 mya.

Comparisons of the fossil record, morphological features of
existing animals, and genetic data have led to a variety of con-
troversial descriptions of the phylogenetic relationships between
cetaceans and other mammals, and within the odontocetes.

Grzimek’s Animal Life Encyclopedia

Antarctic ice edge and including a number of rivers

While there is general agreement regarding ties between
cetaceans and ungulates, the nature of this relationship remains
unresolved. It has been suggested that artiodactyls (even-toed
ungulates) such as the hippopotamus may be their closest liv-
ing relatives, but available data are in conflict. Within the
Cetacea, dolphins are distinguished by the loss of the posterior
nasal sac, and a reduction of the posterior end of the premax-
illa skull bone. Distinctions between dolphins and other groups
of small cetaceans such as river dolphins and porpoises involve
comparison of a variety of skull features. In more general terms,
dolphins differ from porpoises in that the dolphins tend to have
a larger and more falcate dorsal fin as compared to the lower,
more triangular porpoise fin; dolphins tend to have a longer,
more clearly demarcated beak; and dolphin teeth are conical in
shape as compared to the spatulate teeth of porpoises.

The classification of dolphins is undergoing much revision
with the advent of genetic analysis techniques and the in-
creased efforts by scientists to collect small genetic samples
from specimens from around the world. In 2003, 17 genera,
34 species, and 16 subspecies of dolphins were recognized.
Though subfamily designations must be considered tentative
pending additional study, one proposed scheme identifies
five subfamilies: Delphininae (Delphinus, Lagenodelphis,
Lagenorbynchus, Sousa, Stenella, and Tursiops), Globicephalinae
(Feresa, Grampus, Globicephala, Pseudorca, and Peponocephala),
Lissodelphinae (Cephalorbynchus and Lissodelphis), Orcininae
(Orcinus and Orcaella), and Stenoninae (Sotalia and Steno). A
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Dolphin Anatomy

Dorsal Fin Flukes
Blowhole —‘ Tail Stock
Rostrum

Dolphin anatomy. (lllustration by Michelle Meneghini)

number of hybrid dolphins have been identified in captive
breeding situations and in the wild, serving to further blur the
distinctions between species. Some of these hybrids have been
both viable and fertile.

Physical characteristics

All dolphins have essentially the same fusiform body shape,
streamlined for efficient movement through a dense water
medium. The dolphins possess flippers as their pectoral ap-
pendages, with the bones of the hand and arm modified into
a solid wing-like structure, articulating with the shoulder, and
serving as control surfaces for maneuvering. Pelvic ap-
pendages are essentially nonexistent, reduced to small, inter-
nal pelvic bones. The vertebral column, with its variably fused
cervical (neck) vertebrae and prominent processes for attach-
ment of the strong musculature used for propulsion, tapers
toward the tail, where a pair of fibrous horizontal fins form
flukes. Contrary to the baleen whales, which have two nos-
trils, dolphins have a single blowhole on top of their heads
for respiration. Variation exists among the dolphins in terms
of robustness, the presence of a clearly demarcated project-
ing beak, numbers and size of teeth, and the presence of a
dorsal fin. In general, body shape of the smaller dolphins
seems to roughly grade from more slender to more robust,
with greater mid-body girth, moving away from the equator.
Dolphin teeth are homodont, meaning that all of the teeth in
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Pectoral Fin (Flipper)

External Auditory Meatus (Ear)

Eye

a dolphin’s jaws are alike in structure. The pointy teeth are
designed for grasping individual prey items, rather than for
chewing. The cone-shaped teeth differ in size and number,
depending on the prey of the different dolphin species. The
number and size of the teeth, in turn, influence the size of
the beak and shape of the mouth of each species. For exam-
ple, common dolphins (Delphinus delphis) may have more than
250 small teeth in long, forceps-like jaws for capturing small
schooling fish and invertebrates, whereas killer whales (Orci-
nus orca) have about 50 large teeth for capturing large fish and
removing large pieces from a variety of marine mammals. A
fibrous dorsal fin located near the middle of the back is found
on all but two species of dolphins, the northern and southern
right whale dolphins (Lissodelphis spp.). Dorsal fins vary from
species to species in height and shape, but in general they
serve to stabilize the swimming dolphins, as radiators for cool-
ing the internal reproductive organs, and as weapons. As a
secondary benefit to researchers, the dorsal fins of many dol-
phins are individually distinctive based on shape and natural
notch patterns, providing a means of reliable identification
for observing individuals over time. A few small hairs occur
on dolphin beaks at the time of birth, but these are soon lost.
Males and females look quite similar in most dolphin species,
though there may be differences in body and/or appendage
size in some. Female dolphins typically have a genital and an
anal opening in a single ventral (belly) groove, with a nipple
located in a mammary slit on each side of the genital open-
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ing. Males typically have a genital opening in a ventral groove
anterior to the separate groove for the anus.

Dolphins are medium- to large-sized aquatic mammals.
They range from the tiny and endangered Hector’s dolphin
(Cephalorbynchus bectori) at 4.5 ft. (1.4 m) and 117 1b (53 kg)
to adult male killer whales at 30 ft (9 m) and 12,000 Ib (5,600
kg). Gender differences in adult body size (sexual size di-
morphism) occur in some dolphin species. In general, the
females of some of the smaller species (Cephalorhynchus spp.;
the tucuxi, Sotalia fluviatilis) are slightly larger than the
males, whereas the males of the largest species (killer whales,
false killer whales [Pseudorca crassidens], pilot whales [Globi-
cephala spp.]) tend to be much larger than the females. In
some cases, features that might affect performance in battle
or chasing females, such as dorsal fin height (for example,
killer whales), tail stock height, or fluke span are dispro-
portionately larger for males than for females. In most of
the dolphin species, males and females are of similar size or
males are somewhat larger.

Dolphins exhibit a tremendous range of species-specific
color patterns, including shades of black, white, gray, brown,
orange, and pink. Countershading occurs for most dolphin
species. Presumably this pattern of light bellies and dark backs
provides camouflage for dolphins avoiding predators or ap-
proaching prey. Dolphins living in clear water tend to have
more striking and complex color patterns on their sides than
do dolphins living in the murky waters of estuaries or rivers.
One hypothesis for this difference is that dolphins inhabiting
clearer waters can use flashing of color patterns in much the
same way as birds in coordinated flocks to signal changes in
direction, or for other social displays.

Distribution
Dolphins are distributed worldwide through marine wa-
ters. Killer whales have been termed cosmopolitan in their

A single Atlantic spotted dolphin (Stenella frontalis). (Photo ©Tony
Wu/www.silent-symphony.com. Reproduced by permission.)
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Differences in slit configurations between male and female dolphins.
(Hlustration by Michelle Meneghini)

distribution because they are found along the ice edge in both
arctic and antarctic waters, and in many areas in between.
Though most genera have representatives in each of the ma-
jor ocean systems of the world, individual species tend to be
more limited in their distributions. Tucuxi are found only in
coastal waters and rivers of South and Central America, the
Irrawaddy dolphin (Orcaella brevirostris) only in inshore and
riverine Indo-Pacific waters, and all four species of
Cephalorbynchus are found only in the southern hemisphere.

Habitat

Dolphins are entirely aquatic, meaning that they must find
food, mate, produce and rear young, and avoid predators in
water. Access to the water’s surface for air, availability of prey,
predator abundance, and temperature constraints are among
the major factors determining habitat use by dolphins.

Dolphins can be found in all available marine habitats.
These habitats are truly three-dimensional, and water depth
and physiography are important habitat features. Dolphins
occur in greatest abundance where resources are most avail-
able. In open-ocean or pelagic habitats, this tends to be near
islands or seamounts, where nutrient-rich waters carried in
deep currents are brought to the surface and support an ex-
tensive ecosystem, or where different water masses meet. Sim-
ilarly, upwelling is a wind- and current-driven phenomenon
that creates highly productive areas along the continental
slope. Estuaries, where rivers meet marine waters, are ex-
tremely productive, and support large numbers of dolphins.

Suites of adaptations are associated with patterns of habi-
tat use. For example, oceanic dolphins of the genera Stenella
and Delphinus are among the most streamlined of the dol-
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Atlantic spotted dolphins (Stenella frontalis) swimming in a pod. (Photo ©Tony Wu/www.silent-symphony.com. Reproduced by permission.)

phins. With small appendages and many fused cervical (neck)
vertebrae, they are designed to maintain a rigid body and
move at high speed through pelagic waters free of obstacles.
Their long beaks and numerous tiny teeth facilitate the cap-
ture of small prey found in rich patches in the open ocean
habitat. In contrast, some of the more coastal species such as
bottlenosed dolphins (Tursiops spp.) and Irrawaddy dolphins
are more flexible and/or have larger appendages for maneu-
vering around bottom and shoreline features in more restric-
tive habitats. Most killer whales are found near shorelines,
where their large appendages facilitate maneuvering around
ice floes, shore features, and highly maneuverable, sometimes
amphibious, prey (killer whales sometimes slide onto beaches
to capture pinnipeds). Their large size helps them to chase
and capture large, fast-swimming prey (for example, blue
whales, Balaenoptera musculus) in more open habitats. The
blackfish, including pilot whales (Globicephala spp.) and related
species, are among the deepest diving dolphins, diving hun-
dreds of feet (meters) in search of squid and fish. They lack
projecting beaks, tend to be mostly black (the deepest parts
of their habitat lack light), have rounded or bulbous heads,
and heavily muscled tailstocks that would facilitate reaching
depth and returning to the surface quickly after a prolonged
foraging dive. The tucuxi and Irrawaddy dolphin frequent
rivers; tucuxi are found several thousand miles (kilometers)
up the Amazon River in Peru.

44

Behavior

Dolphins exhibit a wide range of sociality, reflecting the
diversity of morphological variations and habitats of the fam-
ily. Few of the species include solitary individuals as a com-
mon feature of the social system. Group size varies from
species to species. Among the smaller dolphins, inshore and
riverine species such as bottlenosed and tucuxi dolphins tend
to form small groups, typically of fewer than 10-20 individ-
uals. In more open habitats offshore, common dolphin and
spinner and spotted dolphin (Stenella spp.) groups may num-
ber in the thousands. Such variability in the size of groups is
likely related to the abundance and distribution of prey (rich,
patchy prey offshore, more evenly distributed, predictable
prey inshore), and to exposure to predators (dolphins in open
habitats are likely more vulnerable to detection and attack by
predators than in shallow inshore waters where predator-ap-
proach options are more limited). Spreading out in long for-
mations, large groups of dolphins increase the probability of
finding fish schools. Similarly, larger groups can work to-
gether to better detect and avoid or defend against predators.
Larger dolphins such as the pilot whales and killer whales
form groups of intermediate size, typically involving fewer
than 100 individuals. Because they are larger than most po-
tential predators, predation pressure on adults is minimal, and
it is likely that available resources place the primary con-
straints on group size.
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Group composition and cohesion are also quite variable
among the dolphins. Many of the smaller dolphin species live
in groups of fluid composition, a situation referred to as fis-
sion/fusion. Swimming associates may change from day to
day, but repeated associations over time are common, espe-
cially involving individuals sharing a home range and that are
of the same gender, and similar age and reproductive status.
In some cases such as male bottlenosed dolphins, small num-
bers of individuals may be close associates for many years.
Some of the larger dolphin species (pilot whales, killer whales)
maintain much more stable groups, consistent with the term
pod. In these species, the groups may consist of one or more
closely associating maternal lineages of several generations,
and many of these individuals may remain together for years
or decades. In the case of killer whales, it has been suggested
that this long-term stable, multi-generational grouping facil-
itates highly coordinated prey capture such as when the group
works together to attack a large baleen whale.

Communication between dolphins remains incompletely
understood. Dolphins may signal one another by changing
their orientation to show more or less of their high-contrast
color patterns to others, often by rolling slightly from one
side to another. While visual signals may be important to dol-
phins living in clear water, many dolphins inhabit turbid wa-
ters where vision is limited to a few feet (meters) at best.

Family: Dolphins

Acoustics play a premiere role in the lives of dolphins. Dol-
phins have exceptional hearing, and can hear frequencies
nearly 10 times higher than humans. They are also capable
of producing three classes of sounds within this broad range
of hearing. Dolphins lack vocal chords. Instead, they produce
sounds by cycling air past tissues in the nasal region. Dol-
phins often produce “burst pulse” sounds, which sound like
squawks, when socializing with one another. They also pro-
duce sonar, or echolocation, clicks to investigate their envi-
ronment. These broadband clicks bounce off objects in the
environment, and the dolphin is capable of interpreting, with
a high degree of discrimination, the echoes returning through
the animal’s lower jaw. The dolphin can adjust the rate of
production of these rapidly repeated clicks to allow the echo
to return between clicks. Clicks are very directional signals,
projected forward in a narrow beam from the dolphin’s melon.
Dolphins also produce frequency-modulated tonal whistles,
which are much less directional. Individual bottlenosed dol-
phins tend to produce one specific whistle more often than
others. This is termed its signature whistle, and playback ex-
periment results suggest that they are used at least as identi-
fiers or contact calls, presumably to maintain group cohesion
in murky or dark water. Dolphins responded much more
strongly to recorded signature whistles of kin or close asso-
ciates than to those of less familiar individuals. Variations in
the pitch or other features of these whistles may carry addi-

Several Hector’s dolphins (Cephalorhynchus hectori) swimming close to the water’s surface. (Photo ©Tony Wu/www.silent-symphony.com. Re-
produced by permission.)
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A dusky dolphin (Lagenorhynchus obscurus) exhibits its well-known so-
cial behavior. (Photo ©Tony Wu/www.silent-symphony.com. Repro-
duced by permission.)

tional information about the emotional state of the producer.
As a variation on this identifier theme, killer whales produce
calls that are pod-specific, rather than individual-specific, and
remain unchanged for several decades. Captive dolphins have
been taught to understand artificial language, but they have
yet to initiate acoustic responses or to clearly demonstrate the
nature of a true language of their own.

Some dolphin communication may combine visual and
acoustic modes, or involve other senses. For example, “jaw
pops” involve opening and closing the mouth in a threaten-
ing manner and producing a loud popping sound. Tail slaps,
when the flukes are slapped sharply on the water’s surface also
produce a loud report. Dolphins are very tactile animals, and
many affiliative interactions involve physical contact between
various body parts. Socio-sexual displays are also an impor-
tant part of the dolphins’ behavioral repertoire. Dolphins are
apparently able to taste, but not smell. Though it remains to
be demonstrated conclusively, it is possible that dolphins may
communicate such things as reproductive readiness through
production of chemicals that can be tasted by others.

Dolphins exhibit a variety of ranging patterns. Knowledge
of the ranging patterns of dolphins inhabiting pelagic and con-
tinental shelf waters is limited by the inherent difficulties of
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conducting research in these regions. However, available in-
formation suggests that dolphins typically do not range through
entire ocean basins, but instead occupy generally definable re-
gions within basins. This pattern becomes more evident where
geographical features help to define ranges. For example, sci-
entists working from oceanic islands have been able to repeat-
edly identify individuals of a variety of dolphin species,
including spinner dolphins and pilot whales, over periods of
years in the waters near these islands. Along shorelines and in
enclosed bays, residency is frequently noted. Some killer whale
pods residing in Puget Sound and near Vancouver Island have
been observed repeatedly in the same waters for nearly three
decades; some of these pods have also been observed as far away
as Alaska and California. Atlantic spotted dolphins and bot-
tlenosed dolphins inhabiting the Bahama Banks have been iden-
tified repeatedly for nearly two decades. Tucuxi dolphins in bay
waters of southern Brazil have been observed repeatedly for
nearly a decade. Probably the best-known ranging patterns are
those of inshore bottlenosed dolphins. In nearly every study
around the world, at least a few, if not most, of the dolphins
have been determined to exhibit residency in an area for at least
part of the year and over multiple years. The longest-term
study, in Sarasota Bay, Florida, continues to identify four gen-
erations of year-round residents after more than 33 years of
observation. In places where the animals are living at the ex-
tremes of the species’ range, seasonal migrations have been
noted. For example, bottlenosed dolphins along the Atlantic
seaboard of the United States move as far north as New Jer-
sey in summer, but migrate at least as far south as North Car-
olina as waters cool. Territoriality, in terms of defended areas,
has rarely been described for dolphins.

Dolphin activities tend to occur in bouts. Dolphins are
nearly constantly on the move, surfacing to breathe, diving,
and traveling from one location to the next or milling in one
area. They intersperse bouts of travel with foraging, socializ-
ing, play, and/or rest, or some combination of these activi-
ties. As voluntary breathers, dolphins must remain conscious
at all times. Thus, they do not sleep in the same way as hu-
mans. It is believed that they decrease their overall activity
level and rest one hemisphere of the brain at a time. In some
species, the degree of synchrony of group members can be
very high. Different species of dolphins exhibit different lev-
els of aerial activity. Spinner dolphins and right whale dol-
phins engage in frequent leaps, whereas other dolphins such
as bottlenosed or tucuxi tend to be more subdued.

Feeding ecology and diet

Dolphins are carnivorous, with most eating fish and/or
squid. In contrast to the batch-feeding baleen whales, dol-
phins typically capture prey one item at a time. Some dol-
phins may eat other invertebrates such as shrimp, and others,
especially killer whales and false killer whales, may eat other
marine mammals. Killer whales are known to prey upon sea
otters, pinnipeds, porpoises, dolphins, and baleen whales. In
the vicinity of Vancouver Island, different pods of killer
whales specialize on different prey. The residents feed pri-
marily on fish, while the transients emphasize marine mam-
mals in their diet. Dolphins typically consume about 5% of
their body weight in food each day.
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Wild bottlenosed dolphin (Tursiops truncatus) plays with an octopus
in the Red Sea. (Photo by Jeff Rotman/Photo Researchers, Inc. Re-
produced by permission.)

Dolphins use a variety of techniques to find and capture
prey, ranging from individual hunting to coordinated, coop-
erative efforts involving entire dolphin groups. Dolphins find
prey visually and acoustically. Some leaps performed by dusky
dolphins (Lagenorbynchus obscurus) prior to feeding are be-
lieved to be for the dolphins to locate bird flocks that may be
flying over fish schools. Dolphins use both passive and active
acoustics to find prey. Many fish and marine mammals pro-
duce sounds that can be heard by the dolphins, and allow them
to locate the prey. Dolphins also use their echolocation to ac-
tively search for and zero in on prey. The idea has been pro-
posed that dolphins can produce echolocation clicks of
sufficient strength to stun prey, but little evidence exists to
suggest that this approach is used widely. Inshore dolphins
often hunt prey individually, especially when feeding on non-
schooling fish inhabiting seagrass meadows, reefs, or other
seafloor features. In open ocean habitats, large schools of for-
aging dolphins such as common dolphins may spread across
broad areas in a line-abreast formation to search for schools
of fish or squid, and then converge on the schools once they
are found, presumably as a result of some acoustic cue. Work-
ing cooperatively, dolphins will circle prey schools, condens-
ing them and driving them to the surface where that barrier
further limits their escape. Dolphins then pass through the
densely packed prey and grab individuals. The extreme case
of cooperative feeding involves killer whale pod members
working together to subdue large baleen whales, much like
wolf packs attacking large ungulates.

Dolphins exhibit a variety of specialized foraging behav-
iors. Some dolphins in Australia place sponges on their ros-
tra presumably to aid in prey capture. Killer whales in
Argentina and bottlenosed dolphins in several locations en-
gage in strand feeding, in which they slide onto beaches af-
ter prey. Bottlenosed dolphins also engage in “kerplunking,”
a behavior that involves driving their flukes and tailstock
through the water’s surface, creating a large splash and bub-
bles that may flush prey from cover. They also engage in “fish-

Grzimek’s Animal Life Encyclopedia

Family: Dolphins

whacking,” which involves striking fish with flukes, often
sending them soaring, stunned, through the air. Atlantic spot-
ted (Stenella frontalis) and bottlenosed dolphins use a behav-
ior known as “crater feeding” to dig into sandy seafloors in
search of buried prey. Dolphins around the world have also
learned to take advantage of human fishing efforts, including
obtaining fish lost or discarded from trawlers and seiners, and
working to drive schools of fish toward artisanal fishermen
working with cast or seine nets from shore. In the latter case,
the barriers provided by the fishermen and the confusion from
their fishing activity may enhance the dolphins’ prey-capture
efficiency. Many of these specialized foraging and feeding be-
haviors are believed to provide evidence for the cultural trans-
mission of knowledge through dolphins’ societies.

Typically, dolphin prey are eaten intact, swallowed head
first. If a fish is too large to take in this way, or if it has dan-
gerous spines that could injure the dolphin if ingested, the
dolphin may break it into smaller pieces by tossing it, rub-
bing it on the seafloor, or in some cases, working with an-
other dolphin to tear the fish apart. When feeding on large
marine mammals, killer whales often work together to restrain
the large prey while they bite off pieces of the animal.

Reproductive biology

Behaviors for courtship and mating for reproduction are
not well understood for most dolphins. Sexual behaviors are
used in several contexts, including developing and maintain-
ing dominance and other social relationships, in addition to
reproduction. Males and females of all ages, from the time
they are several weeks old, engage in sexual behavior with
members of the opposite and the same gender, and sometimes
with their own close relatives. The vast majority of these sex-

A killer whale (Orcinus orca) hunts South American sea lions on a
beach in Argentina. (Photo by Francois Gohier/Photo Researchers, Inc.
Reproduced by permission.)
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Spinner dolphins (Stenella longirostris) are found in the tropical and sub-
tropical waters of the Atlantic, Indian, and Pacific Oceans. (Photo by
Frangois Gohier/Photo Researchers, Inc. Reproduced by permission.)

ual interactions are social in nature, but they confuse the is-
sue of research that tries to identify those involved specifi-
cally in reproduction. Sexual behaviors include stroking with
flippers and flukes, rubbing the genital region, inserting fin
tips or beaks into the genital slits, and intromission of the
fibro-elastic penis. Dolphins typically mate belly-to-belly, but
mounting may involve males approaching at a different angle
to the female’s body. Copulations generally are brief, lasting
less than a minute, but they may be repeated. Dolphins have
large testes and exceptionally high sperm counts, facilitating
multiple copulations.

Data for defining mating systems are difficult to collect for
dolphins, but genetic studies are now allowing some of the
first dolphin paternity testing, and continued work should
clarify understanding. Available evidence suggests that
monogamy is not a practice in which dolphins engage. Bot-
tlenosed dolphin paternity tests indicate that females may use
different sires for subsequent calves. For the better-studied
dolphins, associations between breeding males and females
tend to be brief, lasting days to weeks, and one male or male
coalitions may associate with one receptive female at a time,
sometimes battling with other males for access to the female.
Males may move between female groups during a breeding
season. This pattern has been referred to as serial polygyny
or promiscuity.

Dolphin reproduction can occur anywhere within the an-
imals’ range, but calf rearing may lead to shifts in habitat use
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to more protected or productive areas, or to the creation of
nursery subgroups of mothers with calves inside of larger dol-
phin groups. Reproductive seasonality may dictate where re-
production occurs for species that move over large areas or
migrate seasonally. Seasonality tends to be most evident in
environments that experience strong seasonal variations in
water temperature or other environmental factors such as
flooding cycles for riverine species. For example, most bot-
tlenosed dolphins have well defined breeding seasons that vary
with latitude, but births, after a 12-month gestation, tend to
occur as temperatures warm and food is abundant. Similarly,
tucuxi dolphins give birth during flood stage in the Amazon
River, when food is most abundant, after a 10-month gesta-
tion.

Sexual maturity occurs between five and 16 years of age
for dolphins, depending on the species. Larger species tend
to mature later, and females tend to mature before males. Dol-
phins usually produce a single calf after gestation periods of
10-15 months, again depending on the species. The calf is
born tail-first, and once the mother snaps the umbilical cord,
the calf swims to the surface for its first breath. Following ex-
pulsion of the placenta, the calf begins nursing from the nip-
ples on each side of the mother’s genital slit. Nursing bouts
are brief, but repeated often, as the calf receives milk that is
very rich in fat. Calves may begin to capture small prey on
their own when they are only a few months old, but may not
be fully weaned from milk until they are up to 3.5 years old,
and bottlenosed dolphins and pilot whales more than seven
years old have been found with lactating mothers or with milk
in their stomachs. The association between mother and calf
may last for one or more years beyond nutritional weaning,
suggesting the importance of learning and protection. Killer
whales carry this pattern to an extreme, with adult female and
male offspring remaining within the mother’s pod. For all
dolphins examined to date, it seems that mothers are fully re-
sponsible for calf rearing; paternal investment is limited to in-
semination.

Conservation status

The conservation status of dolphins varies by species, sub-
species, and population. According to the ITUCN Red List,
only Hector’s dolphin is considered Endangered, due pri-
marily to incidental mortality in fishing gear. Of the 34 dol-
phin species, 17 are Data Deficient and five are Lower Risk/
Conservation Dependent. Given the lack of information avail-
able for 67% of the taxa, one should not draw too much so-
lace from the current listing of only a single species as
endangered. Data on population sizes and numbers of losses
from specific human activities are lacking for many species.

Dolphins face many threats from human activities. The de-
gree of risk from these threats varies from site to site. Few
countries actively hunt dolphins in directed fisheries. Japan
continues to harvest striped dolphins (Stenella coeruleoalba) in
fisheries that involve driving schools ashore, harpooning, or
crossbows. The dolphin population is in decline, and contin-
ued hunting is unsustainable. As numbers of striped dolphins
decline, 10 other species of dolphins are being hunted in their
place. International efforts to halt this fishery have not been
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A killer whale (Orcinus orca) breaching. (Photo by © Brandon D. Cole/Corbis. Reproduced by permission.)

successful. In Peru, Sri Lanka, the Philippines, and elsewhere,
incidental catches of dolphins in fishing gear have led to the
development of directed fisheries for thousands of dolphins
for meat, using purse seines, harpoons, gillnets, and explo-
sives. Efforts to regulate some of these fisheries have had lit-
tle effect on takes due to difficulties with monitoring and
enforcement.

Other directed dolphin fisheries around the world involve
commercial collection of bottlenosed dolphins and other
species for oceanarium displays, research, and military activ-
ities. The vast majority of dolphins collected from the wild
are bottlenosed, but smaller numbers of killer whales, false
killer whales, Pacific white-sided dolphins (Lagenorbynchus
obliquidens), Commerson’s dolphins (Cephalorbynchus commer-
sonii), and rough-toothed dolphins (Steno bredanensis) have also
been collected for public display and interactive programs.
These fisheries typically involve relatively small numbers of
individuals, but when removals are concentrated in small ar-
eas and emphasize young females, locally resident populations
can be placed at risk. Data indicate that removal of individ-
ual bottlenosed dolphins from stable communities can ad-
versely impact the remaining community members in terms
of calf survivorship or availability of appropriate social asso-
ciates. Modeling efforts have shown that the existing captive
population of bottlenosed dolphins in North America, if
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breeding is managed appropriately, is sufficient to sustain it-
self with appropriate genetic diversity for decades without the
need for new genes from the wild. Commercial collection of
dolphins has been banned or restricted in a number of coun-
tries, but Cuba, Japan, and some African nations, among oth-
ers, still engage in this activity.

Of much greater concern is the issue of dolphins killed in-
cidentally in nets set for fish. One of the best known exam-
ples involved hundreds of thousands of pantropical spotted
(Stenella attenuata) and spinner dolphins killed each year in
the tuna seine net fishery in the eastern tropical Pacific Ocean
from the 1950s into the 1990s. Currently, fewer than several
thousand dolphins are killed each year in this fishery. This
turnaround occurred as a result of changes in equipment and
approaches, and increased efforts by the fishing crews to re-
duce mortalities, driven in large part by public outrage and
pressure over the situation. Dolphins continue to be killed in
large numbers in fishing nets in many parts of the world.
Trawls, seines, and gillnets are responsible for dolphin mor-
talities. Efforts to make nets more reflective to dolphin
echolocation, or the use of noisemaking “pingers” to alert dol-
phins to the presence of nets have met with mixed success. In
the southeastern United States, most states have banned the
use of large gillnets in inshore waters, but North Carolina
continues to allow such fishing, leading to numbers of deaths

49



Family: Dolphins

Vol. 15: Mammals

'

A pod of spinner dolphins (Stenella longirostris). (Photo ©Tony Wu/www.silent-symphony.com. Reproduced by permission.)

of bottlenosed dolphins in excess of what scientists consider
to be sustainable. Efforts are underway through a federal “take
reduction team” negotiation process to bring stakeholders to-
gether to arrive at a solution that considers the needs of the
animals as well as those of the humans involved.

Other kinds of fishing activity also impact dolphins. Baited
hooks on long-lines set for swordfish and other species kill or
injure dolphins such as pilot whales. Monofilament fishing
line and lures and hooks used in recreational fishing kill or
injure dolphins through entanglement and ingestion. Crab
trap float lines also entangle and drown dolphins.

Among the most insidious, worldwide threats to dolphins
are environmental contaminants. More than 10,000 chemi-
cals have entered the environment as a result of human ac-
tivities. Many of these persistent toxic chemicals enter the
dolphins’ environment through airborne deposition and
runoff, and work their way up through the food chain into
dolphins through the fish they eat. Many of these chemicals
bind with lipids, and as a result, they accumulate in fatty tis-
sues such as blubber and are transferred to young through
fat-rich milk. Chemicals such as PCBs and DDT" metabolites
and other pesticides have been found in some species at lev-
els of great concern. Based on recent population declines cor-
related with measured levels of contaminants in blubber
samples, killer whales in Puget Sound have recently come un-
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der scrutiny for endangered species status. Similarly, concen-
trations of contaminants in bottlenosed dolphin blubber from
the southeastern United States have been measured at levels
in excess of those of concern for human health, and evidence
is mounting for the role of these contaminants in first-born
calf mortality and in the decline of immune system function.
While some chemicals have been banned as knowledge of
their effects on health and reproduction become known, some
will persist in the environment for decades to come; addi-
tionally, other chemicals are now emerging as potential
sources of concern.

Habitat degradation and loss can take many forms for dol-
phins. Shoreline alteration and dredge-and-fill operations can
decrease productivity of the prey that supports dolphin pop-
ulations. For riverine species such as Irrawaddy dolphins and
tucuxi, dams across rivers can isolate subpopulations, or pre-
vent access to critical resources. Pollution from sewage,
garbage, and other wastes can threaten dolphin health. Heavy
fishing can lead to competition with fisheries for prey. Ma-
rine construction and vessel operations introduce noise that
can lead to disturbance of normal activities, or interference
with communication or biologically important sounds for the
dolphins. High-energy pressure waves from explosives or mil-
itary activities may injure or kill dolphins. Boat collisions also
cause dolphin deaths and injuries in areas where high levels
of boat traffic occur.
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Significance to humans

Dolphins have figured prominently in human lives for
thousands of years. They are depicted in ancient Greek and
Roman artwork, are incorporated into mythology, and appear
in early writings. Their relationships to humans have long
been considered special, with numerous ancient and contem-
porary accounts of dolphins saving humans lost at sea. The
dolphins’ smile (actually a fixed fact of anatomy rather than
an expression of emotion), their endearing (mostly trained)
antics in oceanaria, films, and television, reports of complex
social behavior, the ease with which they can be trained to
perform complex behaviors, their problem-solving capabili-
ties, and early (false) claims that they could likely communi-
cate in English have supported the idea in many peoples’
minds that these creatures should be considered superior to
other animals, on an elevated plane with humans.

As more is learned about dolphins, people have begun to
develop an appreciation for the animals because of how well
they are adapted to life in the sea, without the need to credit
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them with supernatural powers. Today, millions of people
worldwide visit marine parks to see, feed, and/or swim with
captive dolphins, or view wild dolphins on dolphin-watching
tours, creating a multi-billion dollar industry. It has been ar-
gued that this increased familiarity with the animals encour-
ages action to protect them. Others argue that holding
dolphins in captivity is cruel exploitation. Increased interest
in dolphins is creating conservation issues in some cases, as
people begin to feed, swim with, and otherwise disturb wild
dolphins.

Dolphins have been and are now used by humans for other
purposes besides entertainment and education. In some
places, they assist artisanal fishermen, or are harvested as an
inexpensive source of protein. They are studied to under-
stand their exceptional sonar and diving capabilities, and to
evaluate their cognitive abilities. Dolphins have also been
used by the military in the United States and the former So-
viet Union to search for weapons, assist divers, and perform
surveillance tasks.
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1. Male spinner dolphin (Stenella longirostris); 2. Common bottlenosed dolphin (Tursiops truncatus); 3. Female killer whale (Orcinus orca).
(INustration by Michelle Meneghini)
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Species accounts

Killer whale

Orcinus orca

SUBFAMILY
Orcininae

TAXONOMY
Orcinus orca (Linnaeus, 1758), eastern North Atlantic.

OTHER COMMON NAMES
English: Orca; French: Orque.

PHYSICAL CHARACTERISTICS

Length 30 ft (9 m); weight 12,000 1b (5,600 kg). Mostly black
bodies with white eye patches, saddles, and bellies. Large flip-
pers and prominent dorsal fin, reaching height of 6 ft (2 m)
on adult males.

DISTRIBUTION
Cosmopolitan, found in marine waters worldwide, with highest
densities at higher latitudes.

HABITAT
Pelagic and coastal habitats, and along ice edges, concentrated
where prey is abundant.

BEHAVIOR
Live in long-term, multi-generational stable pods, work coop-
eratively to capture prey.

FEEDING ECOLOGY AND DIET

Includes fish, pinnipeds, sea otters, dolphins, porpoises, and
baleen whales, though different pods may specialize on mam-
mal or fish prey.

REPRODUCTIVE BIOLOGY
Single calf born after 15-month gestation period. Calves pro-
duced every three to eight years. Believed to be polygamous.

CONSERVATION STATUS

According to the IUCN Red List, in most parts of the species’
range, killer whales are considered Lower Risk/Conservation
Dependent. Because of declines in population size and findings
of exceptionally high concentrations of environmental contami-
nants in blubber, killer whales inhabiting Puget Sound have
been considered for endangered species status under the U.S.
Endangered Species Act.

SIGNIFICANCE TO HUMANS

These are perhaps the highest-profile animals on public display
at marine parks at several sites around the world, and form the
basis of dolphin-watching businesses where they can be found
regularly near shore. ®

Orcinus orca
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Common bottlenosed dolphin
Tursiops truncatus

SUBFAMILY
Delphininae

TAXONOMY
Tursiops truncates (Montagu, 1821), Devonshire, England, UK.

OTHER COMMON NAMES
English: Adantic bottlenosed dolphin; French: Souffleur; Ger-
man: Grosser tiimmler; Spanish: Tonina.

PHYSICAL CHARACTERISTICS

Length 8-12.5 ft (2.5-3.8 m); weight 500-1,100 Ib (227-500
kg). Geographic variability. Gray or brown backs, shading
lighter laterally, light gray or white belly.

DISTRIBUTION
Worldwide in tropical to temperate waters.

HABITAT
Density highest near shorelines and in bays and estuaries, but
also found in pelagic waters.

BEHAVIOR

Form small groups of somewhat fluid composition, often occu-
pying a long-term home range. Some associations may last for
decades. Seasonally migratory at extremes of species range.

FEEDING ECOLOGY AND DIET

Includes fish and invertebrates, especially squid. They feed in-
dividually or cooperatively, and they often take advantage of
human fishing activities to supplement their own foraging ef-
forts. A variety of specialized feeding patterns have been re-
ported, specific to particular habitats.
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REPRODUCTIVE BIOLOGY

A single calf is born after a 12-month gestation period. The
calf is reared by mother for three to six years, until the birth of
her next calf. Studies have indicated a promiscuous, polygynous
mating system with male-male competition.

CONSERVATION STATUS

The TUCN Red List indicates that this species is Data Defi-
cient. As the most common coastal dolphin in much of the
world, it is exposed to a high level of human activity, including
pollution, commercial and recreational fisheries, boat traffic,
marine construction, commercial collection, and habitat loss.
The effects of these impacts remain to be fully evaluated, but
data suggest serious concerns in parts of the species range.

SIGNIFICANCE TO HUMANS

Represented in the works of ancient Greeks and Romans, bot-
tlenose dolphins today are among the most familiar dolphins,
from television, film, and marine parks around the world where
they are displayed. They are hunted in Japan, Peru, the Philip-
pines, Chile, Venezuela, Sri Lanka, and the West Indies. They
have been used in military operations by several countries, and
for research. &

Spinner dolphin

Stenella longirostris

SUBFAMILY
Delphininae

TAXONOMY
Stenella longirostris (Gray, 1828), type locality unknown.

Tursiops truncatus

Stenella longirostris
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OTHER COMMON NAMES
English: Long-snouted dolphin; French: Dauphin a ventre
rose; Spanish: Delfin tornillon.

PHYSICAL CHARACTERISTICS

Length 7.7 ft (2.3 m); weight 170 Ib (78 kg). Geographic
variability. Some forms are nearly uniformly gray, while oth-
ers are strikingly marked with black backs, gray sides, and
white bellies, with black flippers, beaks, and a connecting
stripe.

DISTRIBUTION
Found in tropical to warm temperate waters worldwide.

HABITAT

Live in pelagic habitats, in open ocean regions as well as near
oceanic island shorelines. They feed over escarpments, and rest
in nearby shallow bays and inside atolls where these are avail-
able to them.

BEHAVIOR

Spinner dolphins were named after their characteristic behavior
of leaping from the water and spinning one or more times
around their longitudinal axis before returning to the water.
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They swim in large groups of fluid composition. Near oceanic
islands they are known to occupy long-term home ranges.

FEEDING ECOLOGY AND DIET
Includes small fish and invertebrates associated with the deep

scattering layer. They feed at night when this layer moves up
to within 600 ft (200 m) of the surface.

REPRODUCTIVE BIOLOGY

Give birth to a single calf after a 10.5-month gestation period.
Calves are produced about every three years on average.
Thought to be polygynous.

CONSERVATION STATUS

Spinner dolphins are listed as Lower Risk/Conservation De-
pendent. Some populations were reduced almost by half by
tuna seine net fisheries during the 1950s to early 1990s. To-
day, some spinner dolphins are killed in nets in the tropics for
bait, meat, or incidentally, and exposure to harassment from
dolphin watching is of concern in other areas.

SIGNIFICANCE TO HUMANS

Used by tuna fishermen to indicate the presence of tuna below.
They also form the basis for a dolphin-watching industry in
several locations. &
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Common name /

dolphin

Delphinus delphis
English: Common dolphin;
German: Gemeiner Delfin;
Spanish: Delfin comin

Pygmy killer whale
Feresa attenuata
German: Zwerggrindwal

Short-finned pilot whale
Globicephala macrorhynchus
French: Globicéphale tropical;
German: Indischer Grindwal;
Spanish: Calderén negro

Long-finned pilot whale
Globicephala melas
German: Gewdhnlicher
Grindwal

[continued]

underside is white or cream colored.
Dark streak runs from the lower jaw to
the flipper. Eyes are encircled with black
markings, beak is black. Crisscross
pattern runs across the side. Head and
body length 60-96 in (152.4-243.8 cm),
weight 220.4-300 Ib (100-136 kg).

Coloration is dark gray to black with paler
underside, some white on belly. Rounded
head, no beak, white lips, white patch on
tip of lower jaw. Large and conical teeth.
Sub-triangular, high dorsal fin that points
backwards. Head and body length 82.7-
102.4 in (210-260 cm), weight 242.5—
374.8 1b (110-170 kg).

Coloration is very dark brown, or gray-
black. Light gray or white patch in the
shape of an anchor on the throat and
chest. Streak behind eye and behind
dorsal. Bulbous forehead, small mouth,
pointed flippers, rounded dorsal fin.
Head and body length: male 23.6 ft
(7.2 m), female 16.7 ft (5.1 m);
maximum body weight: male 4.35 tons
(3.95 tonnes), female 1.5 tons

(1.4 tonnes).

Coloration is black, white belly, spherical
head, long tapering trunk. Dorsal fin has
a long base. Tail is long and high, flipper
is one-fifth of the body. Average head and
body length: male 19.7-26 ft (6-8 m),
female 16.4—19.7 ft (5-6 m).

Scientific name/ Physical Habitat and Conservation
Other common names characteristics behavior Distribution Diet status
Commerson’s dolphin Coloration is black and white. Black color ~ Coastal regions near the Indian Ocean and Consists of mysid Not threatened

Cephalorhynchus commersonii - extends from head to behind blowhole, mouths of bays and estuaries, Atlantic Ocean. shrimp, three species of
German: Commerson-Delfin; down the side (including the flippers, or over the wide shallow fish, squid, algae,
Spanish: Marsopa de anteojos  dorsal fin, and tailstock). Rest of the continental shelf, where the isopods, and other
body is pure white. Head and body length tidal range is great. Birthing benthic invertebrates.
25.2-57.7 in (64-146.5 cm), weight season is between early
57.3-189.6 Ib (26-86 kg). spring and late summer, from
October to March. Groups are
made up of one to three indi-
viduals.
Black dolphin Coloration is black, except for white Areas of strong tidal flow Pacific Ocean, off the ~ Feed on sea bottom, Not threatened
Cephalorhynchus eutropia coloration of belly, chin, sides, and above a steeply dropping coast of Chile and as ~ mainly on fish, squid,
English: Chilean dolphin; anterior of the back. No beak, a number  continental shelf. Mate in the far south as Tierra del  and crustaceans.
German: WeiBbauchdelfin; of teeth. Females slightly larger than early winter and bear their Fuego.
Spanish: Delfin chileno males. Head and body length 31.5-43.3  young in the spring. Females
in (80-110 cm), weight 57.3-163.1 Ib have one calf every two years.
(26-74 kg). Very shy species, groups of
8 to 14 individuals.
Short-beaked saddleback Coloration of back is black or dark brown, Offshore and occasionally Atlantic Ocean, Pacific  Fish and squid or Not threatened

inshore. Groups consist of
10-500, largest groups in
eastern tropical Pacific. May
often be found in large,
active schools.

Tropical waters, though it
has been spotted in cooler
waters off the west coast of
southern Africa and Peru.
Prefers subtropical and tro-
pical waters usually in deep
water in the open oceans
and is rarely found in closed
water. Believed to be non-
migratory. Aggressive and
extremely acrobatic. Calves
are born during summer
months.

Tropical, subtropical, and
warm temperate waters
where the surface has a
temperature of 46.4-77°F
(8-25°C). Will enter coastal
and shallow waters in search
of food. Families consist of
up to 40 individuals and
may even reach 100 indivi-
duals. Extremely social, not
acrobatic, vocalize with
clicks and whistles.

Cooler waters. There are two
population, northern and
southern, which do not meet,
mix, and interbreed because
they are separated by a wide
band of warm tropical water.
Travels in small groups of 4
to 6 individuals. Occasionally
seen in herds of 50 or more
and, on some occasions, they
will gather by the hundreds.
Inborn fear of killer whale.

Ocean, and Indian
Ocean; abundant in the
Mediterranean Sea, as
well as in the Black
Sea, the Gulf of Mexico,
and the Red Sea.

octopus.

Around Japan and Data Deficient
Hawaii and in the
warmer eastern areas
of the North Pacific
Ocean. Also in the west
Indian Ocean, around
tropical western Africa
in the Atlantic Ocean,
and in the Gulf of
Mexico.

Mainly squid, octopus,
and large fish, e.g., tuna
and dolphinfish.

All tropical, subtropical, Mainly squid and Lower Risk/
and warm temperate octopus, otherwise fish. ~ Conservation
oceans. Dependent
Nearctic area of Atlantic Mainly squid and cod, Not threatened

Ocean. but also a variety of

other fish.
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Common name /
Scientific name/
Other common names

Physical
characteristics

Habitat and
behavior

Distribution Diet

Conservation
status

Risso’s dolphin

Grampus griseus

French: Dauphin de Risso,
grampus; German:
Rundkopfdelfin; Spanish:
Delfin de Risso, fabo calderén

Fraser’s dolphin
Lagenodelphis hosei

French: Dauphin de Fraser;
German: Borneo-Delfin, Fraser-
Delfin; Spanish: Delfin de
Borneo

Atlantic white-sided dolphin
Lagenorhynchus acutus
German: WeiBseitendelfin

Atlantic humpback dolphin
Sousa teuszii

French: Dauphin a bosse de
I'atlantique; German:
Kamerunfluss-Delfin; Spanish:
Bufeo africano, delfin blanco
africano

Striped dolphin

Stenella coeruleoalba

French: Dauphin bleu et blanc,
dauphin rayé; German:
Blau-WeiBer Delfin;

Spanish: Delfin blanco y azul

Coloration may vary from blue-gray,
gray-brown, to almost white. Large, blunt
head, no beak, males may have scars.
Mouth slants upwards, dorsal fin is tall
and curved, tail stock is thick. Head and
body length 9.2-12.6 ft (2.8-3.85 m),
weight up to 1,100 Ib (500 kg).

Robust, small, and pointed flippers and
dorsal fin. Coloration is dark blue-gray
or gray-brown. Short beak, dark upper
jaw. Chin, throat, and belly are white.
Gray line runs from melon to flanks.
Head and body length 6.6-8.7 ft (2—
2.65 m), weight around 440 Ib (200 kg).

Back is black or dark purple to gray,
ventral side is yellow to tan. A blaze
runs from each side to the tail stock.
Pale gray stripe also runs along the
length of the body. Belly is pale,
yellowish. Dark stripe runs from the
corner of the jaw to the insertion point
of flippers. Large, dark eye patches.
Head and body length 95.7-8.4 in
(243-250 cm), weight 401.2-515.9 Ib
(182-234 kg).

Younger individuals are cream colored,
graying as they age. Unusual dorsal fin
that is curved and humped. Second,
smaller hump exists on dorsal side.
Head and body length 47.2-98.4 in
(120-250 cm), average weight 165.3—
330.7 Ib (75-150 kg).

Fusiform body, tall dorsal fins, long and
narrow flippers, prominent beak,
distinctive color, and stripe pattern on
body. Coloration is bluish gray with dark
dorsal cape and light ventral coloration.
Head and body length 86.6-92.9 in (220-
236 cm), weight up to 198.4-330.7 Ib
(90-150 kg).

Warm temperate and tropical
offshore waters and are seen
close to shore only when the
continental shelf is narrow.
Groups consist of 3 to 50
individuals. Occasional
aggregations of up to 4,000
are also seen, and they often
mix with other dolphin spe-
cies. Make a variety of
sounds, including signature
whistle. Mass and individual
strandings not uncommon.

Only in tropical and sub-
tropical waters. Breeding
appears to be year-round
with a possible peak in the
summer months. Group
sizes consist of 100-2,500
individuals.

Cool waters, average 44.6—
53.6°F (7-12°C), of the North
Atlantic Ocean. Calving sea-
son is in summer. Uses clicks
and whistles to communicate.
Fast swimmer, feeds in small
groups.

Tropical waters close to the
West African shoreline. They
are not thought to venture
more than 0.6-1.2 mi

(1-2 km) away from the
shore in an effort to avoid
killer whales. Solitary, often
travel and feed alone. Groups
may range from 2 to 10 indi-
viduals. One offspring is born
at a time.

Offshore and inshore warm
temperate and tropical
waters. Mating season is in
winter and early summer.
Group size ranges from a
few to over 1,000 individuals.
Three different kinds of
schools often occur: juvenile,
breeding adults, and
nonbreeding adults.

Deep tropical and warm Mainly squid and
temperate waters in octopus, but also other
both the Northern and  varieties of fish.
Southern Hemispheres.

Atlantic Ocean, Pacific
Ocean, and Indian
Ocean.

Primarily eat fish, but
they also feed on squid,
cuttlefish, and shrimp.

North Atlantic Ocean. ~ Mainly small schooling
fish and squid, but also
herring, smelt, silver

hake, and shrimp.

Atlantic Ocean waters  Fish such as sardines
off the coast of western and mullet.

Africa, from Mauritania

south to Angola.

Atlantic Ocean, Pacific ~ Mainly cephalopods,
Ocean, and Indian crustaceans, and bony
Ocean in warm fishes.

temperate and tropical
seas throughout the
world.

Data Deficient

Data Deficient

Not listed by
IUCN

Data Deficient

Lower Risk/
Conservation
Dependent
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Beaked whales

(Ziphiidae)

Class Mammalia
Order Cetacea
Suborder Odontoceti
Family Ziphiidae

Thumbnail description

Small- to medium-sized whales, characterized by
a noticeable beak with no crease between it
and the forehead, a single pair of throat
grooves, a robust cigar-shaped body, small
dorsal fin positioned two-thirds of the way along
the body, large flukes lacking a central notch,
and very reduced dentition with only one or two
pairs of teeth that form tusks in most species

Size
13-42 ft (3.9-12.8 m)

Number of genera, species
6 genera; 21 species

Habitat
Deep ocean, particularly around seabed features
such as canyons, seamounts, and escarpments

Distribution

Conservation status
Lower Risk/Conservation Dependent: 4 species;
Data Deficient: 15 species

Evolution and systematics

The beaked whales were one of the first lineages to split
from the ancestral group of toothed whales, and now form
the second largest family of living species in the order Cetacea.
Although some fossil beaked whales are known, it is not clear
how these relate to modern species. Fossils may represent ex-
tinct lineages or ancestors to modern species. The genera
Ziphius, Tasmacetus, and Indopacetus all contain a single species
each, while the genera Berardius and Hyperoodon both contain
two species. In contrast, the genus Mesoplodon contains 14
species. Currently, no beaked whale species is separated into
subspecies.

Physical characteristics

Adult beaked whales range in body length from 13 ft (3.9
m) in the pygmy beaked whale (Mesoplodon peruvianus) to 42
ft (12.8 m) in Baird’s beaked whale (Berardius bairdii). With
the exception of Cuvier’s beaked whale (Ziphius cavirostris), all
beaked whales have a noticeable beak, and in none of the
species is there a crease between the beak and the forehead,
which is found in other toothed whales. Between the lower
jaws is a single pair of throat grooves that are used in feed-
ing. The body is cigar-shaped, with the greatest girth occur-
ring in the middle. The dorsal fin is relatively small,
sub-triangular in shape, and is set two-thirds of the way along
the body. The pectoral fins are also relatively small and can
be held against the body in recessed flipper pockets. The tail
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All oceanic waters deeper than 660 ft (200 m), from the ice edge to the equator

flukes are broad and are unique in cetaceans in lacking a cen-
tral notch. The dentition is greatly reduced in all species, ex-
cept Shepherd’s beaked whale (Tasmacetus shepherdi), which
has only one or two pairs of teeth remaining in the lower jaw
and none remaining in the upper jaw. In all species apart from
those of the genus Berardius, these teeth erupt in adult males
to form tusks, though they never erupt in adult females. The
position and shape of the tusks vary between beaked whale

The lower jaw and teeth of Baird’s beaked whale (Berardius bairdii),
seen in Wadaura, Boso Peninsula, Japan. (Photo by © Mako Hirose/
Seapics.com. Reproduced by permission.)
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Before diving, Cuvier’s beaked whale (Ziphius cavirostris) takes about
a 20 second breath. (Photo by © Todd Pusser/Seapics.com. Repro-
duced by permission.)

o~ =~
- -

An adult male Blainville’s beaked whale (Mesoplodon densirostris),
Hawaii. (Photo by © Michael S. Nolan/Seapics.com. Reproduced by
permission.)

Cuvier’s beaked whale (Ziphius cavirostris), seen in the Azores Islands,
Portugal. (Photo by © Whale Watch Azores/Seapics.com. Reproduced A northern bottlenosed whale (Hyperoodon ampullatus) diving. (Photo
by permission.) by Flip Nicklin/Minden Pictures. Reproduced by permission.)
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The northern bottlenosed whale (Hyperoodon ampullatus) has a short,
bottle-shaped beak. (Photo by Flip Nicklin/Minden Pictures. Repro-
duced by permission.)

species and are the primary features used to identify species.
The color of beaked whales varies from light brown to slate
gray and black. In some species there are also areas of con-
trasting light colors, which can be sexually dimorphic. Adult
males of many species are covered in long pale lines that are
scars caused by the tusks of other males.

Distribution

Beaked whales have been recorded from all oceanic waters
beyond the continental shelf edge and from the ice-edge at
the poles to the equator. However, individual species gener-
ally have a more restricted distribution. Only two species, Cu-
vier’s beaked whale and Blainville’s beaked whale (Mesoplodon
densirostris), have been recorded from more than two oceans,
and some species appear to have a very restricted distribution,
such as the newly described Perrin’s beaked whale (Mesoplodon
perrini), which to date has only been recorded from the wa-
ters along the coast of California.

Habitat

Beaked whales occupy deep oceanic waters of greater than
660 ft (200 m) beyond the edges of the continental shelf, with
most sightings occurring in water depths between 3,300 and
9,900 ft (1,000-3,000 m). Sightings of living beaked whales
are often concentrated around marine features such as
canyons, seamounts, shelf edges, and escarpments.

Behavior
Beaked whales are generally seen in small groups of fewer
than 10 animals, but group size and structure vary between
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species. Where studies exist, individual animals have been re-
sighted within and between years in the same area, indicat-
ing some level of site fidelity. Some species of beaked whales
show evidence of regular migrations.

Feeding ecology and diet

Beaked whales primarily feed on deepwater squid, fish, and
occasionally crustaceans, ranging in sizes from a few ounces
(grams) to several pounds (kilograms). The presence of bottom-
living prey species as well as small stones in the stomachs of
beaked whales suggests that they are capable of diving to the
seabed in water depths of 3,300 ft (1,000 m) or more to for-
age. Prey capture is thought to occur by suction feeding, with
animals using their piston-like tongues and expandable throat-
grooves to suck prey into the mouth.

Reproductive biology

Single calves are the norm in beaked whales and these
calves remain close to their mothers for at least the first year
before being weaned. The presence of large sexually dimor-
phic weapons (the tusks) and the restriction of intraspecific
scarring to adult males suggests that most species are polyg-
amous, with adult males actively competing aggressively for
access to receptive females.

Conservation status

Four beaked whale species are listed as Lower Risk/Con-
servation Dependent by the IUCN, and 15 are listed as Data
Deficient, which reflects the lack of studies of these species.

Baird’s beaked whale (Berardius bairdii) has the ability to stay under-
water for over an hour. (Photo by Randall S. Wells. Reproduced by per-
mission.)
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An adult male Blainville’s beaked whale (Mesoplodon densirostris), seen
in the Canary Islands, Spain. (Photo by © Fabian Ritter/Seapics.com.
Reproduced by permission.)

62

Vol. 15: Mammals IV

The northern bottlenose whale was hunted commercially in
the past, but in 1977 the population was considered to be de-
pleted by the International Whaling Commission (IWC) and
the fishery was closed.

Significance to humans

In general, beaked whales have little significance to hu-
mans. Three species of beaked whales have been commer-
cially hunted by humans: the northern bottlenosed whale in
the North Atlantic and Cuvier’s beaked whale and Baird’s
beaked whale by the Japanese in the North Pacific. Other
beaked whale species are occasionally taken in several parts
of the world either as bycatch in fishing nets or from whale
fisheries directed at other species.
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1. Male northern bottlenosed whale (Hyperoodon ampullatus); 2. Female Longman’s beaked whale (Indopacetus pacificus); 3. Male Shepherd’s
beaked whale (Tasmacetus shepherdi); 4. Male Cuvier’'s beaked whale (Ziphius cavirostris); 5. Male Blainville’s beaked whale (Mesoplodon den-
sirostris); 6. Male Baird’s beaked whale (Berardius bairdii). (lllustration by Bruce Worden)
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Species accounts

Northern bottlenosed whale
Hyperoodon ampullatus

TAXONOMY
Hyperoodon ampullatus (Forster, 1770), Maldon, England.

OTHER COMMON NAMES

English: Altantic bottlenosed whale, flathead, bottlehead,;
French: Grand souffleur a bec d’oie; German: Butskof; Span-
ish: Hocico de botella.

PHYSICAL CHARACTERISTICS

Adult males reach up to 33 ft (10 m) in length, while adult fe-
males are noticeably smaller, reaching only 28 ft (8.5 m). The
body is robust, with a large bulbous head and short beak. The
forehead becomes more bulbous in adult males due to the
growth of two large bony crests on the skull. The single pair
of teeth found in the lower jaw remains relatively small and
barely erupted even in the oldest males. Dark on the back,
with a paler belly, although adult males may also have a pale
area on the forehead.

DISTRIBUTION

Endemic to the polar to warm-temperate waters of the North
Atlantic. They are regularly recorded from the Norwegian Sea,
around Greenland, and off Labrador south to the Bay of Bis-
cay, the Azores, and Nova Scotia, as well as further south.

HABITAT
Generally found in deep waters beyond the edge of the conti-
nental shelves and is usually seen in water depths of greater

than 3,300 ft (1,000 m). Off the coasts of Nova Scotia, one
population is regularly sighted over a deep marine canyon
known as the Gully, however, northern bottlenose whales are
also recorded over continental slopes and plateaus.

BEHAVIOR

Usually occur in groups of about four individuals, although
larger groups of more than 10 have been sighted. Adult males
have been seen aggressively head-butting each other, using the
large bony crests in their foreheads as battering rams, and such
combat may relate to competition for females. Some popula-
tions may migrate, moving northward in late winter and spring
and southward in late summer and autumn. However, other
populations such as in the Gully off Nova Scotia are apparently
nonmigratory.

FEEDING ECOLOGY AND DIET

In the northern North Atlantic, squid of the genus Gonatus are
the most commonly consumed prey, although other squid
species and deepwater fish are eaten in some locations. North-
ern bottlenose whales usually dive close to the seabed when
foraging and can dive to depths of over 5,000 ft (1,500 m) for
up to 80 minutes or more.

REPRODUCTIVE BIOLOGY

Calves are born in late spring and summer after a gestation of
approximately 12 months and will nurse for approximately an-
other 12 months. Both males and females mature around the
age of seven to 10 years. Adult males are larger than adult fe-

Berardius bairdii

Hyperoodon ampullatus
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Ziphius cavirostris

males, and this species may well be polygamous, however the
exact mating system remains unclear.

CONSERVATION STATUS

In 1977, northern bottlenosed whales were declared depleted
by the International Whaling Commission, and commercial
whaling for this species ceased. It is currently classified as Data
Deficient by the IUCN.

SIGNIFICANCE TO HUMANS
None known. ¢

Baird’s beaked whale

Berardius bairdii

TAXONOMY
Berardius bairdii (Stejneger, 1882), Commander Islands, Russia.

OTHER COMMON NAMES
English: Northern four-toothed whale, giant bottlenosed whale.

PHYSICAL CHARACTERISTICS

Reaches up to 39 ft (12 m) in males and 42 ft (12.8 m) in fe-
males. They have a noticeable beak with two pairs of teeth in
the lower jaw and a relatively steep forehead. The teeth erupt
to become functional in both males and females as they ma-
ture. Their bodies are generally dark gray or black all over,
with adults gaining pale linear scars as they grow older.

DISTRIBUTION
Endemic to the North Pacific and found from as far south as

Japan and Mexico, and north to Siberia, the Aleutian Islands,
and Alaska.
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HABITAT

Generally found in deep waters beyond the edge of the conti-
nental shelves and usually seen in water depths of greater
than 3,300 ft (1,000 m). Most sightings occur over marine
features such as seamounts, escarpments, and continental
slopes.

BEHAVIOR

Usually found in groups of up to 10 animals, although larger
groups of up to 30 have been recorded; groups may contain
several mature adults of both sexes. They typically dive for

about 30 minutes or more and may dive to more than 3,300 ft
(1,000 m) to feed.

FEEDING ECOLOGY AND DIET
Consumes deepwater squid and fish species.

REPRODUCTIVE BIOLOGY

Despite being hunted, reproduction of Baird’s beaked whales
remains poorly known. The length of gestation is unclear, with
some speculating that it lasts 10 months while others think it
lasts 17 months; females may only produce a calf every three
or so years. Males mature before females and apparently live
longer. The mating system is unknown.

CONSERVATION STATUS
Classified as Data Deficient by the TUCN.

SIGNIFICANCE TO HUMANS

The Japanese hunt Baird’s beaked whales off the coasts of
Japan and in the western Pacific. Other than this, this species
has little significance to humans. ¢
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Cuvier’s beaked whale
Ziphius cavirostris

TAXONOMY
Ziphius cavirostris G. Cuvier, 1823, France.

OTHER COMMON NAMES
English: Goose-beaked whale; French: Ziphius de Cuvier; Ger-

man: Cuvier-Schnabelwal; Spanish: Ballena de Cuvier.

PHYSICAL CHARACTERISTICS

Up to 23 ft (7 m) in length and brown to tan in color. Adult
males have pale heads and backs, and can be covered in large
numbers of long pale scars caused by the tusks of other males.
Their tusks are conical in shape, situated at the tip of the
lower jaw, and only erupt to become functional in adult males.

DISTRIBUTION

The widest distribution of any beaked whale species, being
found in tropical to cold-temperate waters of all the world’s
oceans.

HABITAT

Generally found in deep waters beyond the edge of the conti-
nental shelves and usually seen in water depths of greater than
3,300 ft (1,000 m). Sightings are often reported over marine
features such as canyons, escarpments, and shelf edges.

BEHAVIOR

Recorded in groups of up to seven animals. While at the sur-
face, the most characteristic behavior is a three-quarter lunge
out of the water, often in response to a close approach by a
boat. Dives may last for more than 30 minutes and animals
may reach depths of over 3,300 ft (1,000 m).

Vol. 15: Mammals IV

FEEDING ECOLOGY AND DIET
Consumes deepwater squid, fish, and crustaceans, and dives to
great depths to capture them.

REPRODUCTIVE BIOLOGY

Almost nothing is known about reproduction. Adult males are
larger than females and have high levels of scarring caused by
the tusks of other males. These features are consistent with a
polygamous mating system.

CONSERVATION STATUS
Classified as Data Deficient by the IUCN.

SIGNIFICANCE TO HUMANS

Taken in small numbers by Japanese whalers in the North Pa-
cific. Other than this, Cuvier’s beaked whales are of little sig-
nificance to humans. ¢

Blainville’s beaked whale

Mesoplodon densirostris

TAXONOMY
Mesoplodon densirostris (Blainville, 1817), type locality unknown.

OTHER COMMON NAMES
English: Dense beaked whale; German: Blainville-Schnabelwal.

PHYSICAL CHARACTERISTICS
Between 15 and 16 ft long (4.5-5 m), with a relatively long
beak and a noticeable arch midway along the lower jaw. In

Mesoplodon densirostris
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adult males, this arch becomes enlarged and two large tusks
erupt from the top. Younger animals are gray or dark gray on
top and pale underneath, however adult animals are often
brown, gray, or dark all over. In adult males, the head and
back can be covered in a very large number of white scars
caused by the tusks of other males.

DISTRIBUTION

Found in all tropical to warm-temperate waters around the
globe, although they are most commonly recorded around
oceanic tropical islands.

HABITAT

This species is recorded in shallower waters than most other
beaked whale species and can be seen in water depths of as lit-
tle as 330 ft (100 m). Around oceanic islands, most sightings
are in water depths of less than 3,300 ft (1,000 m).

BEHAVIOR

Relatively little is known about behavior other than the fact
that they are deep-divers and often dive for up to 30 minutes
or more. However, the heavy scarring found on adult males in-
dicates that they engage in aggressive combat, presumably over
access to females.

FEEDING ECOLOGY AND DIET

Deepwater squid and fish have been recorded in the stomachs
of Blainville’s beaked whales, and they are thought to forage at
or close to the seabed.

REPRODUCTIVE BIOLOGY

Apparently polygamous, with adult males competing aggres-
sively with each other for access to females. Groups with more
than one adult male are rarely recorded. However, males do not

Family: Beaked whales

appear to remain with a single female group and may rove be-
tween them looking for receptive females. Calves remain close
to their mothers for the first year, with weaning occurring after
12 months. Both sexes mature at around 10 years of age.

CONSERVATION STATUS

Classified as Data Deficient by the ITUCN. Although occasion-
ally killed by fishermen, either purposefully or accidentally in
fishing nets set for other species, this species has never been
hunted commercially.

SIGNIFICANCE TO HUMANS

Generally unknown to most humans and, when encountered,
few people even identify them correctly, most thinking they
are large dolphins. &

Shepherd’s beaked whale

Tasmacetus shepberdi

TAXONOMY
Tasmacetus shepherdi Oliver, 1937, New Zealand.

OTHER COMMON NAMES
English: Tasman beaked whale.

PHYSICAL CHARACTERISTICS

Up to 23 ft (7 m) in length, with a long beak and rounded
forehead. They are dark on the back, with lighter sides and
belly. Has numerous small, peg-like teeth in both the upper
and lower jaws as well as a pair of large sexually dimorphic
tusks at the tip of the lower jaw.

Indopacetus pacificus

Tasmacetus shepherdi
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DISTRIBUTION

All records come from the colder waters of the Southern
Hemisphere; the majority of records come from New Zealand,
with additional records from southern Australia, the Chatham
Islands, Juan Fernandez Islands, Argentina, and South Africa.

HABITAT
With no confirmed sightings at sea, nothing is currently
known about its habitat preferences.

BEHAVIOR
Little is known about its behavior.

FEEDING ECOLOGY AND DIET

It is thought that deepwater fish may make up a greater pro-
portion of the diet of Shepherd’s beaked whale than other
beaked whales, although this is based on stomach contents
analysis from a single animal.

REPRODUCTIVE BIOLOGY
Nothing is known about its reproductive biology.

CONSERVATION STATUS
Classified as Data Deficient by the ITUCN.

SIGNIFICANCE TO HUMANS
Shepherd’s beaked whale was only discovered in 1937, and has
had little significance to humans. &

Longman’s beaked whale

Indopacetus pacificus

TAXONOMY
Indopacetus pacificus (Longman, 1926), Queensland, Australia.
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OTHER COMMON NAMES
English: Indopacific beaked whale.

PHYSICAL CHARACTERISTICS

The only two definite records consist of two skulls. From this,
it has been estimated that this species is about 23 ft (7 m) long.
Possible sightings are of animals about 23-26 ft (7-8 m) long,
with a moderately long beak and bulbous forehead and varying
in color from tan to grayish brown.

DISTRIBUTION

The two definite records of Longman’s beaked whale were
found on a beach in Queensland, Australia, and in a fertilizer
factory in Somalia. However, possible sightings have been
recorded from the tropical waters of the Pacific and Indian
Oceans.

HABITAT
This species’ habitat is not known.

BEHAVIOR

Sightings of possible Longman’s beaked whales are of groups
of animals usually between 15 and 20 animals, although some
groups number up to 100.

FEEDING ECOLOGY AND DIET
Nothing is known, as it has never been seen in the wild.

REPRODUCTIVE BIOLOGY
Nothing known.

CONSERVATION STATUS
Classified as Data Deficient by the TIUCN.

SIGNIFICANCE TO HUMANS
None known. ¢
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Common name /

Scientific name/ Physical Habitat and Conservation

Other common names characteristics behavior Distribution Diet status
Arnoux’s beaked whale Dark or dark brown, often covered with  Groups of up to 80 Southern oceans from  Deepwater squid and Lower Risk/
Berardius arnuxii many long, thin white scars. Long beak individuals. Found in deep Brazil, South Africa, and fish. Conservation
English: Southern four-toothed  and steeply sloping forehead. Both males open waters, along the ice Australia south to the Dependent
whale, southern giant and females have only two pairs of teeth, edge, and in open areas Antarctic ice edge.
bottlenosed whale; French: found in the lower jaw. These erupt to within seasonal ice fields.
Bérardien d'Arnoux; Spanish: become functional only in adults. Body
Ballena de pico de Arnoux length 25-30 ft (7.8-9.7 m).
Southern bottlenosed whale Dark brown, dark or slate gray. Short Generally seen in groups of  Southern oceans from  Deepwater squid and Lower Risk/
Hyperoodon planifrons beak and bulbous forehead, particularly in one or two. Found in deep Brazil, South Africa, and fish. Conservation
English: Antarctic bottlenosed  adult males. Reduced dentition with only ~ waters. May dive to great Australia south to the Dependent

whale, flathead; French:
Hyperoodon austral; Spanish:

Ballena hocico de botella del sur

Andrew’s beaked whale
Mesoplodon bowdoini

English: Splay-toothed beaked

whale, Bowdoin’s beaked

whale; French: Mesoplodon de

Bowdoin; Spanish: Ballena de
pico de Andrew

Sowerby’s beaked whale
Mesoplodon bidens
English: North Sea beaked

whale; French: Mesoplodon de

Sowerby; Spanish: Ballena de
pico de Sowerby

Hubbs’ beaked whale
Mesoplodon carlhubbsi
English: Arch-beaked whale;

French: Mesoplodon de Hubbs;

Spanish: Ballena de pico de
Hubbs

Gervais’ beaked whale
Mesoplodon europaeus

English: Antillean beaked whale,

Gulf Stream beaked whale,

European beaked whale; French:

Mesoplodon de Gervais;
Spanish: Ballena de pico de
Gervais

Ginkgo-toothed beaked whale
Mesoplodon ginkgodens
English: Japanese beaked

whale; French: Mesoplodon de

Nishiwaki

[continued]

one pair of teeth at the tip of the lower
jaw that erupt beyond the gums only in
adult males. Body length 19-25 ft
(6-7.5m).

Dark blue-black or brown with white tip
to beak, males may have long, thin,
white scars on body. Short beak and
gently sloping forehead, adult males
have two large tusks in middle of lower
jaw. Body length 13-16 ft (4-4.7 m).

Dark gray or brown on top, paler under-
neath. Long, narrow beak, gently sloping
forehead. Reduced dentition with only a
single pair of teeth in the middle of the
lower jaw that form tusks in adult males.
Body length 14.8-18.2 ft (4.5-5.5 m).

Dark gray or black with a white tip to the
beak and a white cap, males may have
high levels of thin white scars all over
the body. Relatively short beak with a
noticeable arch in the middle of the
lower jaw. Reduced dentition with only
a single pair of teeth in the middle of the
lower jaw that form tusks in adult males.
Body length 16.5-18.2 ft (5.0-5.5 m).

Dark gray or brown on top, paler under-
neath. Relatively short beak and steep
forehead. Reduced dentition with only a
single pair of teeth in the one third of the
jaw length from the tip of the lower jaw.
Body length 14.8-17.2 ft (4.5-5.2 m).

Dark gray or brown all over. Relatively
short beak and smoothly sloping
forehead. Reduced dentition with only a
single pair of teeth in the middle of the
lower jaw that only barely erupt in adult
males. Body length 14.8-17.2 ft
(4.5-5.0 m).

depths to feed.

There are no confirmed

sightings of this species in
the wild, so habitat use and
behavior remain unknown.

Generally seen in groups of
fewer than ten animals.
Found in deep waters of
several thousand feet
(meters) or more and may
dive to great depths to feed

Rarely seen in the wild;
habitat use and behavior
remain unknown.

Rarely seen in the wild,;
habitat use and behavior
remain unknown.

Rarely seen in the wild;
habitat use and behavior
remain unknown.

Antarctic ice edge.

Most of the 35 known
records are from New
Zealand, with additional
records from the south-
ern coast of Australia,
the Falkland Islands and
Tristan da Cunha.
Apparently restricted to
southern temperate
waters south to the
Antarctic Convergence.

Temperate to subpolar
North Atlantic from
Norway, Iceland, and
Labrador south to the
Azores and northern
United States.

Temperate waters of
the North Pacific along
the coast of Japan and
continental North
America from Mexico
to southern Canada.

Warm temperate to
tropical waters of the
Atlantic on both sides
of the equator.

Recorded from Mexico,
southwestern United
States, Galapagos
Islands, Japan, Taiwan,
Sri Lanka, Malaysia,
New South Wales,
Australia, and New
Zealand.

Unknown.

Deepwater fish and
squid.

Deepwater squid and
fish.

Deepwater squid, fish,
and crustaceans.

Unknown.

Data Deficient

Data Deficient

Data Deficient

Data Deficient

Data Deficient
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Common name /

Scientific name/ Physical Habitat and Conservation
Other common names characteristics behavior Distribution Diet status
Gray’s beaked whale Dark gray or brown with a white beak and  Groups of four or five have ~ Temperate to subpolar  Deepwater squid. Data Deficient
Mesoplodon grayi face in some individuals. Long, narrow been sighted, but one waters of the Southern

English: Southern beaked beak, gently sloping forehead. Reduced  stranding had about 28 Hemisphere.

whale; French: Mesoplodon de  dentition with only a single pair of teeth  animals. Generally seen in
Gray; Spanish: Ballena de pico  in the middle of the lower jaw that form  deep water far from shore.
de Gray tusks in adult males. Body length

14.8-18.2 ft (4.5-5.5 m).

Hector’s beaked whale Dark gray or brown on top, paler Rarely seen in the wild; Very small number of ~ Unknown, but probably ~ Data Deficient
Mesoplodon hectori underneath with a white beak. Short habitat use and behavior records from Tasmania, deepwater squid and fish.
English: Skew-beaked whale; beak with only two triangular teeth close  remain unknown. New Zealand, South
French: Mesoplodon d'Hector;  to the tip of the lower jaw that erupt only Africa, Argentina, and
Spanish: Ballena de pico de in adult males. Body length 13.2-14.9 ft the Falkland Islands.
Héctor (4-4.5 m).
Strap-toothed whale Dark gray or black with white areas on Occasionally sighted in deep  Throughout the South- Deepwater squid. Data Deficient
Mesoplodon layardii belly, throat and on the back behind the  waters far from shore in ern Hemisphere from
English: Layard’s beaked whale; head. Long, narrow beak, gently sloping  small groups. 30°S to the Antarctic
French: Mesoplodon de Layard; forehead. Adult males have two tusks Convergence.
Spanish: Ballena de pico de that emerge from the middle of the lower
Layard jaw and cross over the upper jaw. Body

length 16.5-20.5 ft (5.0-6.2 m).
True’s beaked whale Dark gray or brown on top, paler under-  Few, if any, positive sightings Temperate North Deepwater squid. Data Deficient
Mesoplodon mirus neath with a dark patch around the eyes. at sea; habitat use and Atlantic from Ireland to
French: Mesoplodon de True; Relatively short beak and steeply sloping  behavior remain unknown. the Canaries and the
Spanish: Ballena de pico de forehead beak. Reduced dentition with eastern seaboard of the
True only a single pair of teeth of conical teeth United States and Nova

at the tip of the lower jaw that form Scotia, Canada, as well

tusks in adult males. Body length 16.2— as records in South

17.5ft (4.9-5.3 m). Africa and Australia,

indicating that a

separate Southern
Hemisphere population

also exists.

Perrin’s beaked whale Dark gray or brown on top, paler under-  Known only from five All currently known Unknown. Not listed by
Mesoplodon perrini neath with a white beak. Short beak with  stranded animals and two records come from the IUCN

only two triangular teeth close to the tip  possible sightings; habitat waters of California,

of the lower jaw that only eruptin adult  use and behavior remain United States, but the

males. Body length 13.2-14.9 ft unknown. species may have a

(4-4.5m). wider distribution.
Pygmy beaked whale Dark gray or brown on top, paler Groups of one to five animals Most records come Deepwater fish. Data Deficient
Mesoplodon peruvianus underneath. Males may have a pale flank have been seen in deep from the eastern
English: Peruvian beaked whale and back as well as numerous pale white  oceanic waters. tropical Pacific from
lesser beaked whale; French: scars. Short beak and gently sloping Peru to Mexico out to
Mesoplodon pygmée forehead. Slight curve in lower jaw and about 126°W, with an

only a single pair of teeth set on a additional record from

slightly raised area of the lower jaw. New Zealand.

Body length up to 12.8 ft (3.9 m).
Stejneger’s beaked whale Dark brown, gray, or black all over with ~ Groups of up to 15 animals  Cold temperate to Deepwater squid. Data Deficient
Mesoplodon stejnegeri the exception of white on the beak and have been seen in deep subpolar North Pacific
English: Bering Sea beaked underside of the tail. Males may have waters ranging from 2,500 from as far south as
whale; French: Mesoplodon de  many narrow, pale scars on the back. to 5,000 ft (750-1500 m) California and Japan to
Stejneger; Spanish: Ballena de  Long, narrow beak grading into a gently ~ deep over continental slope  Siberia, the Aleutian
pico de Stejneger sloping forehead. Single pair of teeth areas Islands, and Alaska.

set in the middle of the lower jaw that

are visible only in adult males. Body

length 16.5-17.5 ft (5-5.5 m).
Spade-toothed whale Known only from three skulls. The most ~ Habitat use and behavior Of the three currently ~ Unknown. Not listed by
Mesoplodon traversii distinguishing feature is a single pair of ~ remain unknown. known records, two are IUCN
French: Zifo de travers; spade-shaped teeth set in the middle of from New Zealand and
Spanish: Baleine a bec de the lower jaw. one is from Robinson
Travers Crusoe Island, Chile.
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Sperm whales
(Physeteridae)

Class Mammalia
Order Cetacea
Suborder Odontoceti
Family Physeteridae

Thumbnail description

Small to large whales, with distinctive, barrel-
shaped heads, blowholes left of center, narrow,
underslung lower jaws with uniform teeth, and
paddle-shaped flippers

Size

Sperm whale: 34-60 ft (10.4-18.3 m),
26,000-125,000 Ib (12,000-57,000 kg); pygmy
sperm whale: 11 ft (3.4 m), 900 Ib (400 kg);
dwarf sperm whale: 9 ft (2.7 m), 600 Ib (270

kg) R
Distribution

Number of genera, species
2 genera; 3 species

Habitat
Mainly deep waters off edge of continental
shelf, but also continental shelf and slope

Conservation status
Vulnerable: 1 species

Evolution and systematics

The family Physeteridae is about 30 million years old and
among the oldest of living families of whales and dolphins.
They are thought to have separated quite early from the main
odontocete (toothed whale) line, and retain many of the char-
acteristics that are considered primitive in odontocetes. Some
of their features are highly derived, however. There is little
similarity to the primitive Eocene cetaceans from which they
descended.

The earliest physeterid (Ferecetotherium), appearing in the
late Oligocene, was small with a reduced head size. It repre-
sents the earliest record of a living odontocete family. By the
middle of the Miocene, the physeterids were fairly diverse,
and the family is moderately well documented in the fossil
record. The sperm whale (Physeter macrocephalus) is the only
surviving species of the genus (Physeter) and is the most phy-
logenetically distinct of all the species of living odontocete.
The pygmy and dwarf sperm whales (Kogiz species) are often
placed in a separate family, Kogiidae, as they emerged much
later, about 7 million years ago in the late Miocene.

Physical characteristics

All three species are characterized by a highly asymmetri-
cal rostrum, but Kogia has a lesser developed melon (fat-filled
forehead), which makes up a much smaller proportion of their
body length than in the sperm whale. The blowhole is also
more posterior, the head more conical, and the rostrum is
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Worldwide in tropical and temperate waters reaching latitudes of about 40°; mature
male sperm whales up to edges of pack ice

shorter in Kogia (indeed, this genus has the shortest rostrum
of all the living cetaceans). At least two structures contained
within the forehead are unique to the Physeteridae: the sper-
maceti organ and the musean de singe. The spermaceti organ
is an elongated structure made up of spongy tissue contain-
ing a liquid or semi-liquid waxy oil, and the museau de singe
is a valve-like clapper system that lies at the end of the right
nasal passage. Both are believed to be involved in sound pro-
duction. The right nasal passage is much smaller than the left;
the former is thought to be used for sound production, and
the latter, for respiration.

Members of this family are dark gray in color, with a
lighter-colored belly. None of the three species has teeth in
their upper jaw, though small, unerupted teeth (around 10 on
each side of the sperm whale jaw) remain in the upper jaw
during their lifetime. The teeth of the lower jaw all erupt
around the time of sexual maturity. The sperm whale has
17-29 teeth on each side of its lower jaw; the pygmy sperm
whale, 12-16; and the dwarf sperm whale, eight to 11. Phy-
seter teeth are large and conical. In contrast, the teeth of Ko-
gia are thin, very sharp and curved, and lack enamel.

The sperm whale is the largest odontocete and the most sex-
ually dimorphic one. Adult females are about 36 ft (11 m) in
length and weigh 33,000 Ib (15,000 kg), but can reach 41 ft
(12.5 m) and 53,000 1b (24,000 kg). Physically mature males
are roughly 52.5 ft (16 m) long and 100,000 1b (45,000 kg),
though maximum sizes are 60 ft (18.3 m) and 125,000 Ib (57,000
kg). In the Kogia spp., the sexes are roughly the same size.
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Side profile of a sperm whale (Physeter macrocephalus). (Photo ©Tony Wu/www.silent-symphony.com. Reproduced by permission.)

Distribution

The distributions of the Physeteridae family members are
cosmopolitan. Few animals in the world have such wide dis-
tributions as the sperm whale, occurring in all oceans, from
the pack ice to the Equator. The ranges of the pygmy and
dwarf sperm whales are perhaps somewhat smaller than that
of the sperm whale, but they are found worldwide in warm-
temperate and tropical waters of the Atlantic, Pacific, and In-
dian Oceans. The dwarf sperm whale seems to prefer warmer
waters than the pygmy sperm whale. Knowledge of Kogia dis-
tributions is sketchy, however, as most records are based on
stranded animals.

Habitat

The Physeteridae occupy mainly deep, oceanic waters over
3,300 ft (1,000 m) in depth, (off the edge of the continental
shelf. However, the Kogia spp., particularly the dwarf sperm
whale, live in shallower water over the continental shelves and

shelf edges.

Behavior

All three species are known to strand, but the pygmy
sperm whale is one of the most commonly stranded cetacean
species. Much of what is known of Kogiz is based solely on
information from strandings. When surfacing for air, all of
the Physeteridae produce a low, relatively inconspicuous
blow.
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Very little is known about the behavior of pygmy or
dwarf sperm whales, as there have been no comprehensive
behavioral studies. Group sizes in the Kogiz spp. range from
single individuals to a maximum of six (pygmy sperm whale)
or 10 (dwarf sperm whale) animals of varying age and sex
composition. Groups of dwarf sperm whales can be com-
posed of adults of both sexes with calves, females with
calves, or immatures only. The Kogiz spp. rise slowly and
deliberately when they are surfacing and dive without show-
ing their flukes. They spend a considerable amount of time
lying motionless at the surface, with their tail hanging
limply down and the back of their head exposed. The Ko-
gia spp. are reported to have an interesting adaptation, pre-
sumably used in predator defense. When startled or
distressed, they discharge a quantity of reddish brown in-
testinal fluid. This may function like octopus ink to con-
fuse predators, enabling their escape. Neither Kogiz is
known to be highly vocal, though they do use echolocative,
directional clicks.

The sperm whale, in contrast, is much more social and vo-
cal than Kogis. Indeed, female sperm whales are exceptionally
colonial. Sperm whale society is complex and built around the
long-term unit, which is made up of around 10 females and
their young. These units are generally matrilineal, but con-
sist of more than one matriline. Most females probably spend
their lives in the same unit, surrounded by close female rela-
tives like aunts, cousins, and grandmothers. Two or more
units may join together for several days at a time, forming a
group of 20-30 animals.

Grzimek’s Animal Life Encyclopedia



Vol. 15: Mammals IV

A sperm whale (Physeter macrocephalus) spy-hopping in the Gulf of
California, Mexico. (Photo by © Michael S. Nolan/Seapics.com. Re-
produced by permission.)

Female sperm whales regularly gather at the surface to so-
cialize or rest for several hours a day, or 25% of their time.
Whales can be tightly aggregated, lying quietly and parallel
to one another, a behavior called “logging,” or they may vig-
orously twist and turn about one another, often touching one
another. Breaches (leaps from the water), lobtails (hitting the
water with tail flukes), and spyhops (raising the head vert-
cally out of the water) can also be observed during these so-
cial times.

These are also the circumstances in which sperm whales
typically are either silent or emit “codas,” which is a patterned
series of around three to 20 clicks that are somewhat remi-
niscent of the Morse code. Codas are less than two seconds
long and can often be heard as exchanges between individu-
als; codas clearly represent communication in Physeter.
Groups vary in their usage of different coda types, thus ex-
hibiting dialects, and these dialects are stable over time. More-
over, units can be clustered into “vocal clans” based on the
similarity of their dialects. Variation in vocal behavior be-
tween clans is likely cultural, passed down from mother and
clan to offspring.

The most commonly heard sounds from sperm whales,
though, are the usual clicks, which are long trains of regularly-
spaced clicks, produced at rates of about two clicks per sec-
ond. These very loud, highly directional clicks most likely
represent echolocation used in food-finding behavior. Slow
clicks, or clangs, are distinctively ringing clicks produced by
large males, generally on the breeding grounds. They are
emitted every six seconds or so, and may advertise a breed-
ing male’s presence and/or fitness.
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Male sperm whales leave their natal units at an age of about
six years. They then form bachelor schools, which are loose
aggregations of males of about the same size and age. As males
grow, they are found in progressively smaller schools, with
the largest males being mostly solitary.

Feeding ecology and diet

All of the Physeteridae feed principally on mid- and
deep-water squid, although they also eat some fish and oc-
topus. Their anatomy suggests that they use powerful suc-
tion feeding. The sperm whale eats mainly deep-ocean
squid, 0.2-15.5 1b (0.1-7 kg) in weight, but occasionally, it
will prey on giant and jumbo squid, over 50 ft (15 m) in
length. Scars from the squids’ sucker marks can be found
on sperm whales’ heads as proof of these undersea battles.
Males are more likely to eat fish, but will also feed on larger
species and larger individuals of the same species of squid
that females eat.

Kogia have an anterior-ventrally flattened snout, which
points to a tendency to bottom-feed at least some of the time.
Indeed, bottom-dwelling fish and crabs have been found in
their stomachs. The Kogiz spp. eat some of the same species
as the sperm whale, but because they also inhabit the conti-
nental shelf region, they feed on shelf-living squids and oc-
topods.

The Physeteridae are deep divers, with the sperm whale
being the champion in this department. It can dive to depths

Underwater view of a sperm whale (Physeter macrocephalus). (Photo
by Francois Gohier/Photo Researchers, Inc. Reproduced by permis-
sion.)
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A freediver with a sperm whale (Physeter macrocephalus). (Photo by © 2003 Jonathan Bird/Seapics.com. Reproduced by permission.)

of 3,300-6,500 ft (1,000-2,000 m), possibly even 10,000 ft
(3,000 m). More typical are dives to 1,000-2,600 ft (300-800
m). Dives are usually 30-45 minutes in length with seven to
10 minutes at the surface between dives to breathe. Dives can
last over an hour, however. Females spend about 75% of their
time foraging. The pygmy and dwarf sperm whales are also
probably capable of diving to greater than 1,600 ft (500 m),
judging by the prey they ingest.

Reproductive biology

In the sperm whale, the sexes show an unusual pattern of
distribution, where females and immatures inhabit warmer
waters at latitudes below 40° and males are found at higher
latitudes. As males mature, they move to higher and higher
latitudes, with the largest males found close to the edge of the
pack ice. Mature males in their late twenties and older make
the long migrations to the tropics to mate. The sperm whale
is polygynous. On the breeding grounds, large males rove be-
tween groups of females, most likely searching for receptive
females. They spend only minutes to hours with each female
group. Rare fights occur between mature males.

Very little is known of the mating system of the pygmy or
dwarf sperm whales. Little or no sexual dimorphism is ap-
parent in either species, so they may have a different repro-
ductive strategy from the highly sexually dimorphic sperm
whale.

Sperm whales give birth about once every five years. Calves
can ingest solid food by the age of one year, but continue to
suckle for two or more years. This species exhibits one of the
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longest periods of parental care among marine mammals, as
calves can be suckled for as long as 13-15 years. The calves
are the probable reason behind female sperm whale sociality.
Young calves seem unable to make the prolonged dives to the
depths their mothers do to feed. Left alone at the surface,
they would be vulnerable to attacks by killer whales or sharks.
Thus, calves are “babysat” by other members of the group re-

Sperm whale (Physeter macrocephalus) showing the bulbous sperma-
celi organ at the front of its head. (Photo by Tui De Roy. Bruce Cole-
man, Inc. Reproduced by permission.)
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maining at the surface. Groups containing calves stagger their
dives, leaving some adults available to stand guard at the sur-
face at all times, while groups without calves dive more syn-
chronously. In addition to this communal care for the young,
there is strong evidence for females suckling calves that are
not their own.

Gestation is 14-16 months for sperm whales; 11 months
for pygmy sperm whales; and nine months for dwarf sperm
whales.

Conservation status

All three species are reported to ingest ocean debris such
as plastic bags, causing death on occasion. This family is also
vulnerable to ship strikes. Population sizes for Kogiz are un-
known, though they are apparently not common. The global
population of sperm whales is very roughly 360,000. The
sperm whale is listed as Endangered under the U.S. Endan-
gered Species Act and Vulnerable by the IUCN. All three
species are listed on CITES Appendix I or II.

Sperm whales were heavily whaled around the world in the
eighteenth and nineteenth centuries, but especially by the
New Englanders. In the twentieth century, a second wave of
whaling took place, using mechanized catcher vessels and ex-
plosive harpoons. Up to 30,000 sperm whales were killed

Family: Sperm whales

Eye of baby sperm whale (Physeter macrocephalus). (Photo by © Doug
Perrine/Seapics.com. Reproduced by permission.)

Sperm whales (Physeter macrocephalus) surfacing for air. (Photo by Francois Gohier/Photo Researchers, Inc. Reproduced by permission.)
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A pygmy sperm whale (Kogia breviceps) baby, about two weeks old.
(Photo by © Doug Perrine/Seapics.com. Reproduced by permission.)
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every year, particularly the large males. Commercial whaling
more or less ceased in 1988 with the International Whaling
Commission’s moratorium.

The sperm whale, with a maximal rate of increase of just
1%, is slow to recover from past whaling. Additional threats
include chemical pollution, evident in its blubber, and noise
pollution, because of its dependence on sound for all aspects
of its life.

Significance to humans

The sperm whale is memorialized in Herman Melville’s
novel, Moby Dick. Japan has restarted sperm whaling in 2000,
taking five to eight sperm whales a year. Whale-watching
for sperm whales is a profitable business around the world,
bringing in substantial revenue from tourists. Pygmy and
dwarf sperm whales are occasionally taken in commercial
harpoon fisheries in the Indian and Pacific Oceans, and the
Caribbean.
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Sperm whale

Family: Sperm whales

Species accounts

Physeter macrocephalus

TAXONOMY

Physeter macrocephalus Linnaeus, 1758, “Oceano Europaeo.”

OTHER COMMON NAMES

French: Cachalot; German: Pottwal; Spanish: Cachalote.

r—

PHYSICAL
CHARACTERISTICS
Square forehead
makes up one quar-
ter to one third the
body length. Body
dark gray, but mouth
has bright, white lin-
ing. Skin corrugated,
except for head and

flukes.

DISTRIBUTION
Cosmopolitan.

Physeter macrocephalus

HABITAT

Deep water near productive areas; often near steep drop-offs
or strong oceanographic features. Males more likely in shal-
lower waters.

BEHAVIOR
Females highly social, males solitary. Very vocal.

FEEDING ECOLOGY AND DIET
Eats mainly deep-ocean squid. Dives vertically, raising flukes in
air. Females forage in rank abreast of each other.

REPRODUCTIVE BIOLOGY
Polygynous. Breeding season in northern hemisphere, January—
August; in southern hemisphere, July—March.

CONSERVATION STATUS

Listed as Vulnerable by the IUCN. In 2002, global population
size was about 32% of pre-whaling numbers. Large, breeding
males scarce, and calving rates below sustainability in southeast
Pacific. Sdll widespread, however.

SIGNIFICANCE TO HUMANS

In the past, whalers used the valuable oil from the spermaceti
organ and blubber to fuel the industrial revolution. Minimal
sperm whaling since 2002. Sperm whale-watching operations off
New Zealand, West Indies, Norway, Madeira, the Azores, etc. ¢

" Kogia breviceps

[ | Physeter macrocephalus
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Pygmy sperm whale

Kogia breviceps

TAXONOMY

Kogia breviceps (Blainville, 1838), Cape Province, South Africa.

OTHER COMMON NAMES
French: Cachalot pygmée; German: Zwergpottwal; Spanish:
Cachalote pigmeo.

PHYSICAL
CHARACTERISTICS
Bluish steel gray on
back. Shark-like ap-
pearance. Bracket-
shaped mark on side
of head, resembling

gill slit.

DISTRIBUTION Kogia breviceps

Worldwide in warm-
temperate and tropical waters.
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HABITAT
Deep, oceanic waters and over the continental shelf.

BEHAVIOR
Difficult to observe at sea. Easily approached, timid and slow-
moving.

FEEDING ECOLOGY AND DIET
Deep-ocean and shelf-dwelling squid and octopus; fish and
crabs.

REPRODUCTIVE BIOLOGY

May give birth two years in succession, i.e., can be pregnant
and nursing simultaneously. Calves nurse for about one year.
Mating believed to occur in summer, births in spring. Mating
system unknown.

CONSERVATION STATUS

Population size unknown, though not common. Not listed by
the TUCN.

SIGNIFICANCE TO HUMANS
Sometimes taken in commercial harpoon fisheries. 4
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Belugas and narwhals
(Monodontidae)

Class Mammalia
Order Cetacea
Suborder Odontoceti
Family Monodontidae

Thumbnail description

Medium-sized toothed whales with robust
bodies, small bulbous heads, no dorsal fins,
short rounded flippers, and elegantly butterfly-
shaped tail flukes

Size
13-16 ft (4-4.9 m); 1,500-3,500 Ib
(680-1,590 kg)

Number of genera, species
2 genera; 2 species

Habitat
Marine, estuaries, deep, shallow, benthic,
pelagic

Conservation status
Vulnerable: 1 species; Data Deficient: 1 species

Distribution

Arctic and subarctic, with isolated remnant populations of belugas in a few cold
temperate areas

Evolution and systematics

Only a single fossil monodontid is known, and it came from
the late Miocene of Baja California, Mexico. Fossils found in
Pleistocene clays of eastern North America indicate that bel-
ugas underwent large range extensions and contractions in re-
sponse to glacial processes. In the case of narwhals, the low
level of nucleotide diversity found in animals from the east-
ern Canadian Arctic, west Greenland, and east Greenland has
been interpreted as indicating a rapid and recent expansion
from a small founding population (“recent” meaning, in this
context, perhaps several tens of thousands of years ago).

Past formulations of monodontid systematics have in-
cluded: two subfamilies (Delphinapterinae and Monodonti-
nae) either under Delphinidae or sequestered into the family
Monodontidae; two genera in family Delphinapteridae; Mon-
odontidae as a family within its own superfamily Monodon-
toidea; or assignment of the two genera to separate families,
Monodontidae and Delphinapteridae, with the latter includ-
ing the genus Orcaella. Most recent authorities agree that the
monodontids comprise a single family in the superfamily Del-
phinoidea. No subfamilies or subspecies are recognized.

Grzimek’s Animal Life Encyclopedia

The two genera are well differentiated and have long been
recognized as separate taxa. However, at least one example of
a narwhal-beluga hybrid has been documented from west
Greenland.

Physical characteristics

The two living species in the family Monodontidae are
medium-sized toothed whales (odontocetes) with almost no
beak and a small head. Their melon (forehead) is rounded and
can appear bulbous. The cervical vertebrae are unfused, al-
lowing considerable lateral and vertical flexibility—a charac-
teristic readily noticed by anyone observing a beluga in
captivity. Another interesting feature of the beluga (Delphi-
napterus leucas) is the malleability of its rostral bulge, or
melon—described by one scientist as reminiscent of a balloon
filled with warm lard. The flippers of both species are broad,
short, and rounded at the tips, and their outer margins tend
to curl upward in adult males. There is no dorsal fin, and this
lack of a dorsal fin is exceptional among the cetaceans. Both
species have a low, fleshy ridge along the back in the area
where the dorsal fin would normally be situated. The tail
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Underwater viewing of a beluga whale (Delphinapterus leucas) at the Vancouver Aquarium in British Columbia, Canada. (Photo by Terry Whittaker/
Photo Researchers, Inc. Reproduced by permission.)

flukes are relatively small in relation to the rest of the body.
In young animals the rear margins are straight, but as the an-
imals age these become strongly convex, giving the flukes a
butterfly shape in dorsal view. In old animals, the flukes may
overlap in the region of the notch that separates them.

Both species exhibit marked ontogenetic changes in col-
oration. Newborn animals are uniformly gray or brownish gray.
Belugas become progressively lighter as they age and are pure
white by about seven (females) to nine (males) years of age.
Narwhals (Monodon monoceros) become black and then begin to
acquire white patches and streaks on the belly and sides. Adults
are spotted or mottled dorsally, white ventrally, with black ar-
eas persisting on the head and nape. Very old male narwhals
are almost completely white.

A major difference between the two species is their denti-
tion. Belugas have rows of eight or nine simple, peg-like teeth
in both upper and lower jaws, while narwhals have no erupted
teeth within the buccal cavity. Rather, they have only two
pairs of maxillary teeth, all of which remain concealed within
the jaws of females. In males, one of the teeth in the left side
of the upper jaw erupts and protrudes forward from the front
of the head, as the leftward-spiraled “unicorn” tusk for which
the narwhal is famous. The tusk can be nearly 10 ft (3 m) long
and weigh more than 20 1b (10.5 kg). Some males have two
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tusks (“double-tuskers”) but the left member of the pair is of-
ten larger.

Distribution

Monodontids occur only in high latitudes of the Northern
Hemisphere, i.e., entirely north of 45°N and mostly north of
55°N. Although their total distribution can be considered cir-
cumpolar, gaps exist in areas with heavy year-round ice cover.
Numerous stocks have been identified on the basis of differ-
ences in distribution and migration patterns, morphology (in-
cluding body size), tissue contaminant profiles, trends in
abundance (e.g., depletion by whaling in one area with no ob-
served decline in other areas), and genetics. There are more
than 20 such stocks of belugas and at least three of narwhals,
which are less well studied. Although the two species gener-
ally do not occur in mixed schools, they are broadly sympatric
in portions of their range. For example, both species become
concentrated along the pack ice blocking westward movement
into Lancaster Sound during spring; their routes then diverge
as the ice breaks up and they move to their respective sum-
mering grounds.

The principal areas of beluga distribution are: Alaska, USA
(Cook Inlet, Bristol Bay, Norton Sound and Yukon Delta,
Kotzebue Sound, and North Slope coast); Canada (Macken-
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zie Delta, Beaufort Sea, Peel Sound, Barrow Strait, Prince
Regent Inlet, Lancaster Sound, Jones Sound, Cumberland
Sound, Frobisher Bay, Ungava Bay, Hudson and James Bays,
Foxe Basin, and St. Lawrence River); Greenland (all along
west coast); Norway (mainly Barents Sea coast of Svalbard);
Russia (Barents Sea: Franz Josef Land coast; Kara Sea: Ob
and Yenisey Gulfs; White Sea: Onezhsky, Dvinsky, and
Mezhensky Bays; southwestern Laptev Sea; ice edge of
Chukchi and East Siberian Seas, Anadyr Gulf; Okhotsk Sea:
Shelikov and Shantar Bays, Amur Lagoon and River).

The principal areas of narwhal distribution are limited to
the Nearctic between the eastern Canadian Arctic and the
western Russian Arctic. Animals that winter in the pack ice
of Davis Strait and Baffin Bay move through Lancaster and
Jones Sounds into the Canadian Arctic archipelago for the
summer, while those that winter in and at the eastern entrance
of Hudson Strait move west into northern Hudson Bay and
Repulse Bay in summer. Similarly, at least some of those that
winter in the pack ice of the Greenland Sea move inshore
along the east coast of Greenland in summer, particularly into
Scoresby Sound and Kangerlussuagq.

A beluga whale (Delphinapterus leucas) with its head out of the wa-
ter. (Photo by Tim Davis/Photo Researchers, Inc. Reproduced by per-
mission.)
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Narwhals (Monodon monoceros) spouting at the surface of the Arctic
Ocean. (Photo by © Goran Ehime/Seapics.com. Reproduced by per-
mission.)

Wandering belugas have been observed as far south as
Japan and Washington State in the Pacific, and New Jersey
and France in the Atlantic. Narwhals observed in the Beau-
fort, Chukchi, and Bering Seas are essentially strays, as no
permanent population is known to inhabit those seas. Both
narwhals and belugas have been recorded in the Arctic Ocean
in latitudes as high as 80 to 85°N.

Habitat

Monodontids are ice-adapted and typically spend at least
several months, if not most of the year, in close proximity to
pack ice. Narwhals, in particular, are often encountered in
heavy offshore ice where the only access to air is in shifting
cracks and leads between floes. In general, the beluga is a
more inshore, coastal species, tending to congregate in very
large numbers (hundreds to thousands of individuals) in es-
tuaries to molt. Nevertheless, some belugas have been radio-
tracked moving up to 680 mi (1,100 km) from shore and
penetrating 435 mi (700 km) into the dense polar ice cap
where more than 90% of the surface is ice-covered. These
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Hundreds of whales may be confined to small breathing holes in solid ice cover, making them vulnerable to hunters, polar bears, or suffocation.

(Ilustration by Patricia Ferrer)

same individuals may have spent time earlier in the same sea-
son in turbid, shallow estuaries or lagoons. As migratory an-
imals with strong diving abilities, monodontids range across
varied habitat in the course of a given year.

As a rule, belugas arrive in summering areas by June and
July, and move out to wintering areas by the end of Septem-
ber before freeze-up. In early spring they can be seen in the
narrow leads along the edge of the fast-ice. Their presence
can be detected by the breathing holes that they make when
the ice is thin enough. During periods of maximum ice cover,
pods of whales frequent isolated areas of open water, called
“polynyas,” and are usually separated from one another by
large areas of impenetrable ice. Individuals that become
trapped in ice fields try to break through the ice by ramming
it from the underside and the cushion located on top of the
head lessens the shock.
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Behavior

Belugas and narwhals usually occur in pods of two to 10
individuals, but these pods are often traveling or milling in
close proximity so that they appear as large schools or herds.
A pod may consist only of adult males or only of females and
young males. Monodontids are not particularly fast swimmers,
and their traveling speeds average only about 3 mph (5 km/hr).

Some populations of monodontids migrate long distances
each year in response to seasonal changes in ice cover. Their
migrations are not necessarily latitudinal; often the movement
is inshore-offshore, or involves passing in spring through con-
necting corridors to reach particular estuaries (belugas) or
fjords (narwhals), then returning in autumn along the same
route as ice formation drives them away from the summering
grounds. Both species are vulnerable to entrapment when
wind-driven or fast-forming ice blocks them from moving to
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seasonal refugia. Ice-entrapped whales become easy prey for
polar bears or human hunters. If not discovered, however,
they can survive for weeks or months on fat reserves as long
as they are able to maintain breathing holes in the ice.

Like other toothed cetaceans, belugas and narwhals are
vocal animals and probably rely more upon sound than any
other sense to detect and capture prey, to communicate, and
to navigate in a harsh (and often dark) environment. Both
emit pulsed series of high-frequency clicks for echolocation,
and belugas, in particular, have a varied repertoire of pure
tones and modulated whistles that appear to be used for
communication.

Feeding ecology and diet

Both belugas and narwhals dive to the sea bottom, even in
areas deeper than 3,300 ft (1,000 m). They can remain sub-
merged for 25 minutes but usually do not stay down for longer
than about 20 minutes. There is some overlap in their diets,
as both species prey upon shrimp, squid, and schooling pelagic
fish, such as arctic cod (Boreogadus saida). They forage in the
water column, at times on organisms associated with the un-
dersurface of sea ice, but also on demersal and benthic species.

Family: Belugas and narwhals

Narwhals in some areas may feed exclusively on the squid Go-
natus fabricii. They also consume deepwater species such as
Greenland halibut (Reinbardtius hipposlossoides) and redfish (Se-
bastes marinus). The list of prey items of belugas is consider-
ably longer that that of narwhals, perhaps because they are
more widely distributed and occupy a greater range of habi-
tat types. In some areas, belugas take advantage of seasonal
concentrations of anadromous and coastal fish, such as salmon
(Oncorbynchus spp.), herring (Clupea harengus), and capelin
(Mallotus villosus).

Reproductive biology

Like other whales, monodontids give birth to single young
at relatively long intervals, and the period of calf dependence
is prolonged. The newborn calf is about 5 ft (1.5-1.6 m) long
and weighs 175-220 1b (80-100 kg). Lactation lasts for one
to two years. Mating takes place in late winter and early spring
when the whales are generally inaccessible for observation. As
a resul, little is known about the social organization and be-
havior associated with conception. The gestation period is es-
timated at between 13 and 16 months. Thus, the average
calving interval for both belugas and narwhals is thought to
be about three years.

Fluke of a beluga whale (Delphinapterus leucas) in Cunningham Inlet, Somerset Island, Canada. (Photo by Animals Animals © Stefano Nicolini.
Reproduced by permission.)
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The tusk of the narwhal (Monodon monoceros) can be up to 10 ft (3
m) long. (Photo by © John K.B. Ford/Ursus/Seapics.com. Reproduced
by permssion.)

Belugas give birth between March and August, with a peak
occurring in June and July. Calving is believed to take place
in warm shallow rivers. Some well-known calving areas are
the Mackenzie Delta at Inuvik, Cunningham Inlet on the
north coast of Somerset Island, and the Seal and Nelson rivers
in western Hudson Bay. Calves are delivered in bays and es-
tuaries, where the water is relatively warm: about 50 to 60°F
(10 to 15°C). They are born either tail-first or head-first. Ob-
servers of wild beluga populations have estimated that beluga
calves average 5.2 ft (1.6 m) and weigh about 176 Ib (80 kg).
Beluga calves are generally dark gray to bluish or brownish
gray, and darken about one month after birth. Like other
whales, they can swim at birth. As other mammals do, mother
belugas nurse their calves. A calf suckles below the water from
nipples concealed in abdominal mammary slits. The calf may
begin nursing several hours after birth and then nurses at
hourly intervals thereafter. Beluga calves depend upon nurs-
ing for their first year, until their teeth come out. They then
supplement their diets with shrimps and small fish. Most
calves nurse on average for 20 to 24 months.

Sexual maturation, defined as first pregnancy, is attained
in belugas at 4-7 years of age. Males become sexually mature
at 7-9 years but may not be socially adept, and thus capable
of successful reproduction, until somewhat older. Less is
known about age-length relationships in narwhals because
their embedded teeth do not provide a complete record of
annual growth layers, as beluga teeth do (although uncertainty
remains as to whether one or two growth-layer-groups are
formed annually in beluga teeth). Male narwhals are adoles-
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cent when their tusk begins to erupt at a body length of 8.5
ft (2.6 m), and they are sexually mature by the time the tusk
has reached a length of about 5 ft (1.5 m). Body lengths at
sexual maturity in narwhals are around 11.9 ft (3.6 m) and
13.8 ft (4.2 m) for females and males, respectively. The mat-
ing systems for both belugas and narwhals are unknown, al-
though it is suspected that beluga males mate with multiple
females.

Conservation status

The IUCN listing of the beluga as Vulnerable reflects the
fact that many populations have been depleted by overhunt-
ing. Although the aggregate world population of the species
is well over 100,000, several stocks are close to extinction. For
example, the Ungava Bay stock, once numbering more than
1,000, is represented by only a few scattered survivors. Many
thousands of belugas used to assemble each summer in the
mouths of the Great Whale and Little Whale Rivers of east-
ern Hudson Bay, but large concentrations no longer occur in
these areas. In fact, there may be no more than about 1,000
belugas remaining along the entire east coast of Hudson Bay.
Similar major declines, also due to overhunting, have been
documented in Cook Inlet and off west Greenland. The pop-
ulation in the St. Lawrence River numbered at least 5,000 in
the late nineteenth century, whereas today there are no more
than about 1,200 there. Tissue concentrations of contami-
nants in St. Lawrence belugas are extremely high, and envi-
ronmental conditions have changed considerably over the past
100 years.

Narwhals have also been intensively hunted in many parts
of their range, and it is reasonable to assume that their num-
bers have been reduced considerably as a result. However,

Underwater pod of beluga whales (Delphinapterus leucas). (Photo by
Frangois Gohier/Photo Researchers, Inc. Reproduced by permission.)
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Family: Belugas and narwhals

Beluga whales (Delphinapterus leucas) in the shallows of Somerset Island, Canada. (Photo by Animals Animals ©D. Allan, OSF. Reproduced by

permission.)

much less is known about stock identity (population struc-
ture), numbers, and trends for narwhals than for belugas.
Abundance estimates for areas that have been surveyed total
about 40,000. Allowing for negative bias in the estimation
procedures, there are likely at least 50,000 narwhals in the
waters bordering Canada and Greenland, plus unknown num-
bers in the Eurasian Arctic.

Many of the rivers that formerly provided estuarine habi-
tat for belugas have been dammed. Although it has not been
possible to establish direct cause-and-effect links between
such development and beluga declines, the changed ecologi-
cal conditions downstream of dams are likely to have made at
least some of the estuaries and nearby waters less hospitable
to the whales. Another major concern for belugas and nar-
whals is climate change. Given their close association with sea
ice, effects of some kind can be expected.

Significance to humans

Belugas and narwhals have played, and continue to play, a
prominent role in the subsistence economy of Inuit. Whale
skin, called muktuk or mattak, is a northern delicacy. The de-
sire to obtain this valued food drives the continued hunting of
these animals in much of their range. In the case of narwhals,
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the cash value of the ivory tusk is an added incentive. Narwhal
tusks are sold as curios in international trade, and the ivory is
used extensively to make carved jewelry and ornaments.

Belugas have been taken extensively in commercial drive
fisheries by non-indigenous hunters, especially in Russia and
Canada. Such operations were responsible for large and rapid

A beluga whale (Delphinapterus leucas) in Arctic waters. (Photo by An-
imals Animals ©Zig Leszcznski. Reproduced by permission.)
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A narwhal (Monodon monoceros) mother with pup near Baffin Island,
Canada. (Photo by Animals Animals ©D. Allan, OSF. Reproduced by
permission.)

declines in abundance. In contrast, narwhals were taken only
occasionally by commercial whalers and have not been sub-
jected to industrial exploitation in the same way as belugas.

For more than a century, belugas have been popular ani-
mals in captive displays. They adapt relatively well to capture,
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handling, and confinement, and they can be trained to per-
form in shows or to engage in research tasks. There have been
numerous captive births of belugas. Narwhals, in contrast,
have been brought into captivity on only a few occasions, and
their survival was poor.

A limited amount of tourism has focused on both species
in specific areas, notably the St. Lawrence River in south-
eastern Canada and the Churchill River in western Hudson
Bay for belugas, and the Pond Inlet area of northern Baffin
Island (Canada) for narwhals.

Beluga whales (Delphinapterus leucas) have seven vertebrae that are
not fused, giving it a flexible neck. (Photo by Bruce Coleman, Inc. Re-
produced by permission.)
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1. Beluga (Delphinapterus leucas); 2. Narwhal (Monodon monoceros). (lllustration by Patricia Ferrer)
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Family: Belugas and narwhals

Species

Beluga

Delphinapterus leucas

TAXONOMY
Delphinus leucas (Pallas, 1776), mouth of Ob River, northeast-
ern Siberia, Russia.

OTHER COMMON NAMES
French: Belouga, marsouin blanc; German: Weissfisch; Span-
ish: Beluga.

PHYSICAL CHARACTERISTICS
Length 13-16 ft (3.9-4.9 m); weight 1,500-3,500 1b (700-1,600
kg).

DISTRIBUTION
Circumpolar in Arctic and subarctic; relict populations in St.
Lawrence River, Canada; Cook Inlet, Alaska.

HABITAT

Marine and estuarine waters of almost any depth, depending
on season and circumstance. Concentrate in shallow estuaries
to molt, but also move into deep trenches where they dive to
depths in excess of 3,300 ft (1,000 m). Occasionally ascend
rivers. Tend to stay in polynyas and large coastal expanses of
open water in winter, but can also be found in cracks and lanes
in dense pack ice.

BEHAVIOR

Usually occur in pods of two to 10 animals, often with several
associated pods. Swim slowly and roll at surface, usually with-
out lifting head or flukes clear of water. Pure whiteness of

Delphinus leucas
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accounts

adults makes them conspicuous, but also can make it difficult
to tell them apart from whitecaps and small ice floes. Varied
vocal repertoire; known to some whalers as “sea canary.”

FEEDING ECOLOGY AND DIET
The diet includes shrimp, squid, octopus, marine worms, and
many species of fish.

REPRODUCTIVE BIOLOGY

Single calf born in late spring or early summer, following ges-
tation period of 14 to 14.5 months. Calves nurse for up to two
years. Inter-birth interval averages three years. Female likely to
bear first calf at age six or seven, male likely to mate success-
fully at age seven or older. Mating system is unknown.

CONSERVATION STATUS

Opverall, still relatively abundant (over 100,000 individuals), but
many populations reduced from past and continuing hunting
pressure. Damming of northern rivers for hydroelectric power;
industrial pollution of riverine, estuarine, and coastal habitat;
and rapid climatic warming likely to have discrete and cumula-
tive effects on populations.

SIGNIFICANCE TO HUMANS

Subsistence use of skin, plus some blubber and meat, is impor-
tant to maritime Inuit of Canada, Alaska, and Greenland. Live-
capture continues to supply animals for display; most new
captive stock in recent years has come from Sea of Okhotsk,
Russia. Limited amount of nature tourism in specific areas.

Narwhal

Monodon monoceros

TAXONOMY
Monodon monoceros Linnaeus, 1758, northern seas of Europe
and America.

OTHER COMMON NAMES
French: Narval; German: Narwal; Spanish: Narval.

PHYSICAL CHARACTERISTICS
Length 14-15.5 ft (4.2-4.7 m); weight 2,200-3,500 Ib
(1,000-1,600 kg).

DISTRIBUTION

Disjunct Arctic circumpolar; main concentrations in Greenland
Sea, Davis Strait/Baffin Bay, Hudson Strait, northern Hudson
Bay, and their adjacent sounds and inlets.

HABITAT
Deep marine waters, including inshore fjords and sounds in
summer and offshore heavy pack-ice zone in winter.

BEHAVIOR

Roll at surface showing back but generally not head or flukes;
same-sex pods (e.g., groups containing only males with large
tusks); strongly migratory, moving in large groups of associ-
ated pods, totaling hundreds of animals. Reports of males
crossing their tusks above the surface (“fencing”) are difficult
to interpret. Scars on head region and high incidence of bro-
ken tusk tips imply aggressive tusk use, perhaps in dominance
interactions.
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Monodon monoceros

Family: Belugas and narwhals

FEEDING ECOLOGY AND DIET
Deep divers that feed on shrimp, squid, schooling pelagic fish,
and deepwater species such as halibut and redfish.

REPRODUCTIVE BIOLOGY

Single calf born in summer after gestation period of 13 to 16
months; lactation one to two years; inter-birth interval three
years, on average. Mating system is unknown.

CONSERVATION STATUS

Present and historical abundance uncertain, but recent esti-
mates for main areas of distribution in Canada and Greenland
total close to 40,000, without adjusting for negative bias. Con-
tinued hunting, with no quotas, growing human populations in
hunting districts, and no expected reduction in demand for
products, signals the need for closer monitoring and manage-
ment to prevent further depletion.

SIGNIFICANCE TO HUMANS

“Unicorn” tusks of adult males give species a special place in
history and mythology. While intact, tusks continue to have
high commercial value as curiosities in international trade, and
the ivory is also used for carving, especially in Greenland. Skin
a much-valued human food among Inuit. &
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Gray whales
(Eschrichtiidae)

Class Mammalia
Order Cetacea
Suborder Mysticeti
Family Eschrichtiidae

Thumbnail description

Medium-sized, bottom-feeding baleen whales
with black or slate-gray skin, much blotched,
mottled and encrusted with barnacles; gray
whales are distinguished by their short, coarse
baleen plates and by having a dorsal ridge
instead of a dorsal fin

Size
43-46 ft (13-14.1 m); 44,000-81,500 Ib
(20,000-37,000 kg)

Number of genera, species
1 genus; 1 species

Habitat
Shallow coastal waters

Conservation status

Lower Risk/Conservation Dependent Distribution

Extant populations migrate seasonally between Arctic and warm temperate waters
of the North Pacific; western population summers in the Sea of Okhotsk and
winters off the coasts of South Korea and Japan; eastern population summers in
the Bering, Chukchi, and Beaufort Seas off northeastern Alaska, then migrates
south along the west coast of North America to winter on calving and breeding
grounds in coastal Baja California and western Mexico

Evolution and systematics

The gray whale, Eschrichtius robustus, is the only species in
the family Eschrichtiidae (formerly Rhachianectidae). Es-
crichtidae is one of four families in the suborder Mysticeti
(the other three are Balaenidae, the right whales; Neobal-
aenidae, the pygmy right whale; and Balaenopteridae, the
rorquals). Of these groups, Eschrichtiidae is considered to be
the most primitive. Evidence suggests that gray whales,
rorquals, and right whales diverged from a common ancestor
during the Miocene (26 to 7 million years ago). Concerning
the fossil record, only a single fossil gray whale specimen, dat-
ing to the Pleistocene (50,000 to 120,000 years ago) has been
found in southern California.

The taxonomy for this species is Eschrichtius robustus (Lill-
jeborg, 1861), Sweden. Other common names include: Eng-
lish: devil-fish, desert whale, the friendly whale; French:
Baleine grise; Spanish: Ballenna gris.

Physical characteristics

Although they are called “gray,” these whales are actually
black—at least, they are at birth. The skin color changes with
time, primarily because of scarring caused by barnacles. These
sedentary marine crustaceans attach to whale skin after it has
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been scraped during feeding bouts; they mostly cluster on the
head but may occur anywhere on the body. A large whale may
carry hundreds of pounds of barnacles. Although scarring is
what changes the skin color, the presence of so many barna-
cles and also sea lice (orange or yellow in color and which
also routinely infest gray whales) contributes to a gray whale’s
overall light, mottled appearance.

Gray whales have been described as “living fossils” and as
“the most primitive of the great whales” (Nollman 1999) be-
cause of their short, coarse baleen plates and their lack of a
dorsal fin. On the back, toward the tail, where most other
baleen whales have a dorsal fin, gray whales have a series of
8 to 14 bumps that form a “dorsal ridge”. The short baleen
plates are less than 20 in (50 cm) long (compare this to bow-
head whales, which have the longest baleen, 14 ft [4.3 m]
long). The plates are ivory to yellow in color; thicker than
the baleen plates of other baleen whales; and arranged in two
groups of 130 to 180 plates each on either side of the mouth;
the two rows of baleen plates do not meet at the front of the
mouth, as they do in members of the closely related family
Balaenopteridae. The mouth itself is slightly arched and the
outside of the jaw is studded with small, sensitive hairs. Gray
whales have two or three (rarely four) shallow furrows on their
throats; these “throat pleats” are shorter and less numerous
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Gray whales have a unique heart-shaped spray when they blow. (Il-
lustration by Michelle Meneghini)

than those of many other baleen whales (for example, Bryde’s
whales have as many as 70).

Baleen whales as a group include large species and small;
the largest living animal on earth, the blue whale (Balzenoptera
musculus), is 90 ft (27.5 m) long, whereas the minke whale
measures a mere 25-30 ft (7.9 m). Compared to these rela-
tives, gray whales are considered medium-sized. Adult females
average 46 ft (14 m) in length with an average weight of al-
most 70,000 1b (32,000 kg); adult males are somewhat smaller
than females, averaging 43 ft (13 m) in length. Gray whales
are comparatively slender for their size, with narrow heads
that are small in relation to the total body length. The pelvis
is relatively large, however.

Other distinguishing traits include two blowholes; 56 ver-
tebrae (with the neck vertebrae being separate, not fused); and
flippers with only four digits (the first finger [thumb] is ab-
sent; some baleen whales have five digits in the flippers). Male
gray whales have very large testes for their body size, and are
assumed to produce large volumes of sperm.

Distribution

Historically, gray whales occurred both in the North At-
lantic and North Pacific basins; however Atlantic populations
were extinct by the mid-1700s due to whaling. The eastern
Atlantic population is thought to have spent the summer in
the Baltic Sea and wintered off the Atlantic and Mediter-
ranean coasts of southern Europe and also North Africa. The
western Atlantic population of gray whales may also have sum-
mered in the Baltic sea; this population migrated south along
the eastern coast of North America to breed and bear young
in shallow lagoons and bays off southeastern Florida.

The Pacific basin continues to support two genetically dis-
tinct gray whale populations, one in the western Pacific and
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one in the eastern Pacific. Members of the eastern popula-
tion spend the summer on feeding grounds in the Bering,
Beaufort, and Chukchi Seas between northern Alaska and
Siberia (although some whales do feed farther south in sum-
mer, off the coasts of southeast Alaska, British Columbia,
Washington, Oregon, and California). Starting in October
and continuing through January, whales in the Arctic move
south along the east side of the Bering Sea and through Uni-
mak Pass in the Aleutian Islands, then continue down the
western coast of North America. By January or February a
significant portion of the population has arrived at breeding
and calving grounds in warm, shallow, nearly landlocked la-
goons and bays along the west coast of Baja California and
the eastern side of the Gulf of California in western Mexico.
(Some members of the population do pass the winter farther
north along the coast.)

Members of the western or Korean gray whale population
are thought to spend summer months feeding in the sea of
Okhotsk and then move south to breed in winter somewhere
along the coast of southern Korea or Japan. (A western pop-
ulation that bred in the Inland Sea of Japan was extinct by the

A gray whale (Eschrichtius robustus) spy-hopping. (Photo by Tui De Roy.
Bruce Coleman, Inc. Reproduced by permission.)
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A gray whale (Eschrichtius robustus) calf. (Photo by Francois Gohier/Photo Researchers, Inc. Reproduced by permission.)

beginning of the twentieth century; a population that bred off
southern Korea was all but wiped out by the 1930s.)

Habitat

Gray whales are notable for their habit of migrating and
feeding in very shallow water; they are typically found closer
to shore than any other large whale—usually within 1.9 to 3.1
mi (3-5 km) of land.

This species is sometimes referred to as “the desert whale”
because it leaves the open sea to breed and calve in shallow
desert lagoons—the only whale to do this routinely. As of
2003, the gray whales’ most important winter breeding habi-
tat consisted of just four areas on the coast of Baja Califor-
nia: Guerrero Negro Lagoon, Scammon’s Lagoon, San
Ignacio Lagoon, and Magdalena Bay.

Behavior

Gray whales make the longest known migration of any
whale—and indeed of any mammal. Members of the eastern
Pacific population travel as much as 10,000-12,000 mi (16,000
19,300 km) round-trip each year. In contrast to their relatives,
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the humpbacks and blue whales, which migrate across the open
ocean, gray whales migrate exclusively in coastal waters.

Gray whales swim slowly, averaging 4.4-5.6 mph (7-9
km/hr), but can speed up to 8 mph (13 km/hr) when pursued.
The “spout” or “blow” (exhalation) is described as low and
spreading; it rises only about 118 in or about 10 ft (300 cm)
above the ocean surface (in comparison, the blow of a blue
whale rises more than twice as high).

Swimming whales follow a characteristic pattern; they make
a series of short surface dives followed by a longer, deeper dive;
observers will see three to five blows, 30 to 50 seconds apart,
followed by a dive that typically lasts for 4 to 5 minutes; the
whale blows three to five times when it surfaces. Gray whales
do not arch their backs before diving the way humpbacks
(Megaptera novaeangliae) do; their tail flukes rise above the sur-
face of the water at the start of a deep dive but not a shallow
one. The deepest documented dive by a gray whale was to a
depth of 248 ft (75.6 m). To put this in context, sperm
whales—the deepest-diving whales—are known to reach
depths of 6,560 ft (2,000 m) when they feed.

Whales on migration dive to shallower depths than do
feeding whales. Diving whales sometimes engage in a behav-
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A gray whale (Eschrichtius robustus) snout covered in barnacles. (Photo by Animals Animals ©Bob Cranston. Reproduced by permission.)

ior called “bubble-blasting” —they submerge, then release air
underwater, so that it bubbles to the surface. It is not clear
whether this behavior is a stress response or a mechanism for
regulating buoyancy.

Although female gray whales accompany their calves on
the northward migration, migrating gray whales do not oth-
erwise appear to travel in family groups. Whales on migra-
tion may swim alone, in groups of two or three, or in pods
of up to 16 animals; a typical migration group has about nine
animals. The composition of these groups is not stable; in-
stead the group make-up changes constantly (shifting social
alliances are typical of baleen whales).

Of all migrating gray whales, female whales and their calves
often swim the farthest. On their northward migration, they
continue past the Bering Sea—where the majority of gray
whales congregate to feed—until they reach the Chukchi Sea.
Here, food may not be quite so abundant, but neither are
predatory killer whales, or orcas (Orcinus orca).

Gray whales seem to be able to detect their orca enemies
from a distance, by their vocalizations. In one study conducted
along the coast of California, researchers broadcast killer
whale vocalizations underwater; migrating gray whales
avoided the sounds by rapidly changing course, swimming to-
ward shore, and moving into concealing beds of kelp. Females
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with calves defend their young fiercely—not just from killer
whales but from any perceived threat. This behavior caused
nineteenth-century whalers working the breeding lagoons off
Baja California to give gray whales the nickname of “devil-
fish.” They were described as “a cross between a sea-serpent
and an alligator,” as American whaleboat captain Charles
Scammon wrote in his landmark 1874 book on whale behav-
ior, adding, “The casualties from coast and kelp whaling are
nothing to be compared with the accidents that have been ex-
perienced by those engaged in taking the females in the la-
goons. Hardly a day passes but that there is upsetting or
staving of boats, the crews receiving bruises, cuts, and, in many
instances having limbs broken; and repeated accidents have
happened in which men have been instantly killed, or received
mortal injury.”

Though fierce when threatened, gray whales that feel se-
cure will allow humans to approach remarkably close. Since
the latter half of the twentieth century, whale-watching has
been a popular activity in the lagoons of Baja California. In
1975, tour operators first noticed that some whales would ac-
tually approach whale-watch boats and allow themselves to be
petted. This behavior has earned them a new nickname: “the
friendly whale.”

Gray whales display such common cetacean behaviors as
breaching (in which the whale leaps above the water’s surface,
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then falls back into the water, landing on its back or side) and
spy-hopping (positioning the body vertically in the water, with
the head raised above the sea surface, sometimes while turn-
ing slowly). Gray whales rarely breach outside of their south-
ern breeding lagoons, however, leading some researchers to
hypothesize that this behavior is a component of courtship.
Alternately, breaching may represent an effort to get rid of
itchy parasites, or it may be an expression of stress, or a form
of play. The function of spy-hopping also is not known. One
idea is that it helps whales to orient while on migration; how-
ever whales sometimes spyhop while allowing their eyes to
remain underwater.

Among the baleen whales, humpback whales are known for
their long, complex courtship songs. Gray whales do not make
such sustained or complex vocalizations. Most vocalizations
are at a frequency range of less than 1500 Hz. Researchers
have described several types of calls, including “pulses” that
sound like clangs, pops, and croaks; low-frequency “moans”
that, to human ears, sound like a cow mooing; “rapid up-
sweeps”; and grunting and groaning sounds, like a zipper be-
ing pulled open. Bubble blats and bubble trails are also
categorized as vocalizations. Field observations suggest fe-
males use pulses to communicate with their calves.

Feeding ecology and diet

Like all mysticete whales, gray whales use their comb-like
baleen plates the way humans use a tea-strainer or colander—
to collect small food items from the water. Most baleen whales
strain free-floating plankton out of the water column, and
gray whales are capable of doing this too—but usually, they
take their prey from the sea floor. A feeding whale dives to
the bottom, rolls onto its side—usually the right side—then
shoves its body forward and upward, taking in a mouthful of
soft sediment and water. Then, with its large, muscular
tongue—which is the size of a compact car—the whale pushes
the muddy mouthful forward against its baleen. Mud and wa-
ter filter through, leaving edible components caught against
the baleen strands. This unusual bottom-feeding behavior

A gray whale (Eschrichtius robustus) spouting near Baja California, Mex-
ico. (Photo by Joe McDonald. Bruce Coleman, Inc. Reproduced by per-
mission.)
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A gray whale (Eschrichtius robustus) calf surfacing for air. (Photo by
Francois Gohier/Photo Researchers, Inc. Reproduced by permission.)

earned gray whales the nicknames of “hard head” and “mud
digger” from nineteenth-century whalers.

Amphipods make up the major part of a gray whale’s diet.
These small crustaceans, which are related to shrimp, live in
burrows on the ocean floor. Amphipods are particularly plen-
tiful in the cold waters off the northern Pacific Coast, where
whales spend the summer; a single species, Ampelisca macro-
cephala, can account for 95% of the whales’ intake on their
Arctic feeding grounds. Gray whales do eat various other
small, bottom-dwelling invertebrates, however, including
clams, crabs, and marine worms; a study of whales feeding in
Clayquot Sound, British Columbia, documented mysid
shrimp, pelagic porcelain crab larvae, and benthic ghost
shrimp as part of the diet. Other studies of gut contents re-
veal that gray whales sometimes consume small fish, as well
as kelp and other marine vegetation; however it is not clear
whether the whales eat algae on purpose or accidentally, sim-
ply because it happens to be growing on the bottom.

Gray whales do most of their feeding between May and
November, while they are in Arctic waters. This means the
insides of their mouths are constantly exposed to freezing wa-
ter; however a network of blood vessels at the base of the
tongue functions as a highly effective countercurrent ex-
change mechanism to reduce the loss of body heat. In one
study, scientists measuring heat loss by a captive gray whale
calf were surprised to discover that the animal lost more heat
through the thick, insulating layer of blubber covering its en-
tire body than it did through its tongue.

A lone adult whale may eat as much as 65 tons (59 tonnes)
of food per year—except that feeding is not spread out over
an entire year but is concentrated in the five months spent on
the summer feeding grounds in the Arctic. The whales accu-
mulate a thick layer of blubber during the summer, then eat
very little on migration and while at the breeding lagoons, liv-
ing off the stored energy in their blubber. Pregnant female
whales store enough calories that they can make the long
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southward migration, give birth, nurse a calf, and swim north
again—all while fasting.

Reproductive biology

Gray whales are one of the three species of baleen whales
(right whales [Eubalaena spp.] and humpback whales are the
other two) that form “breeding aggregations,” in other words,
gather in large numbers to mate and give birth. The other
eight mysticete species do not gather to breed.

Gray whales use different habitats for mating than for
calving. Mating typically occurs at the entrances to the la-
goons, or just outside (although courtship and mating can
also occur while on migration); while this frenzied courtship
goes on outside, the females and their calves stay well inside
the lagoons. Although gray whales are not particularly so-
cial, there are some reports of whales supporting laboring
females or injured animals so they can stay at the surface
and breathe.

Courting gray whales are very active; they can be seen
rolling and breaching and swimming in line. These whales
are not monogamous; observations suggest each female prob-
ably mates with a number of different males. This, along with
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the fact that males have large testes and produce large
amounts of sperm, suggests that sperm competition occurs.

Gray whales are sexually mature at the age of six to eight
years; however the average age of females when they first give
birth is nine years. The breeding cycle takes two years, with
gestation lasting for 13.5 months of that period. Pregnant fe-
males are the first members of the population to leave the
breeding lagoons; they depart in mid-February. During the
more than year-long gestation period, females make the long
trip north to the feeding grounds and then back to the breed-
ing lagoons.

Most gray whale calves are born in the Baja lagoons be-
tween early January and mid-February (a few newborn calves
have been also sighted along the California coast, suggesting
that some births occur outside of the lagoons). A typical new-
born calf may be 15 ft (4.6 m) long and weigh about 1,100 Ib
(500 kg). It drinks 50 gallons of milk (190 1) a day and grows
rapidly. By the end of winter most calves reach a length of
18-19 ft (5.5-6 m).

If pregnant females leave the breeding lagoons early, moth-
ers with calves are the last to leave, sometimes heading north
as late as May or June. By spending the maximum possible
amount of time in protected habitat, they give their calves

A gray whale (Eschrichtius robustus) passes through kelp. (Photo by Animals Animals ©Bob Cranston. Reproduced by permission.)
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A gray whale (Eschrichtius robustus) breaching. (Photo by Francois Gohier/Photo Researchers, Inc. Reproduced by permission.)

time to grow large enough and strong enough to evade killer
whales on the trip north. (Killer whales will not enter the shal-
low lagoons.) Like most female baleen whales, gray whales
nurse their calves for about six to seven months. This means
the calves are nursing throughout the northbound migration.
They are weaned in late summer, on the Arctic feeding
grounds where food is plentiful. Maximum longevity is re-
ported at 70 years.

Conservation status

The eastern population of Atlantic gray whales is thought
to have become extinct as early as A.D. 500; the western At-
lantic population, which migrated seasonally along the east-
ern coast of North America, became extinct in the eighteenth
century. As of 2003, the western Pacific or Korean popula-
tion of gray whales is critically endangered, with fewer than
100 individuals remaining.

In contrast to these sad stories of extinction, the eastern
Pacific population of gray whales represents one of the few
success stories in whale conservation—indeed in the conser-
vation of any endangered species. The exploitation that came
with the European settlement of North America led to near-
extinction of the eastern Pacific population by the middle of
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the twentieth century, but the species made a remarkable and
rapid recovery once it was protected, with populations re-
turning to pre-exploitation levels by the mid-1990s. In 1946,
the International Whaling Commission banned the commer-
cial take of gray whales; they were later additionally protected
under the U. S. Endangered Species Act in 1973. With these
protections gray whales made a remarkable recovery. In 1994,
when the population numbered about 22,000 individuals, the
U. S. Fish and Wildlife Service removed the gray whale from
the U. S. Endangered species list. Experts hypothesize that
the gray whale’s habit of forming breeding aggregations
helped the species to make this remarkable recovery; in species
that breed solitarily, such as blue whales, it’s thought that in-
dividuals have a hard time finding a mate when populations
are very small.

The western Pacific population of gray whales does remain
very small, despite having been protected at the same time as
the eastern population. The probable reason this population
failed to recover was that illegal whaling continued. The
World Conservation Union (IUCN) listed the western gray
whale as Critically Endangered in 2000.

Habitat quality is of concern. The Mexican government
and Mitsubishi Corporation have proposed joint development
of a salt-production facility in San Ignacio Lagoon, which is
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Gray whale (Eschrichtius robustus) flukes. (Photo by George D.
Lepp/Photo Researchers, Inc. Reproduced by permission.)

one of the whales’ key calving grounds. However experience
suggests the noise and activity associated with this develop-
ment would be harmful to the whales; when dredging for a
salt works was conducted in Guerrero Negro Lagoon for sev-
eral years, breeding whales deserted it. As of 2003, a coalition
of Mexican and U. S. environmental groups has been able to
prevent development in San Ignacio.

As whale populations have rebounded, animals have started
to move back into the waters around such major cities as San
Diego, San Francisco, and Seattle, where they historically oc-
curred, and this has led to more concerns; decades of indus-
trial discharge, discharge from sewage treatment facilities,
and agricultural runoff have left the sediments in these coastal
areas highly polluted—a potential problem for a bottom-
feeding whale that wallows in sediment. Offshore oil explo-
ration and oil production are other issues. In controlled
experiments, gray whales actively avoided the noise from these
activities and, as a result, sometimes moved into very shallow
water, risking stranding.

Even though gray whales were removed from the Endan-
gered Species list in 1994, researchers have continued to mon-
itor populations. A significant increase in gray whale
strandings was noted in 1999 and 2000. The population esti-
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mate in 2001-2002 was 17,500 individuals—significantly
down from a high of 26,635 in 1997-98; however, researchers
estimate the total carrying capacity for the western Pacific at
20,000 to 24,000 whales and say the most recent decline is
probably within normal fluctuation parameters—and possibly
due to a natural climate cycle that has temporarily put food
in short supply. Population monitoring continues.

Significance to humans

Indigenous peoples of northwestern North American and
eastern Siberia hunted gray whales for oil, meat, hide, and
baleen for hundreds if not thousands of years; indeed, in-
digenous whaling was the major economic activity along the
Chukchi, Bering, and Okhotsk seas before Europeans came
on the scene and began taking large numbers of whales.

Indigenous peoples of Europe and Japan probably hunted
gray whales as well. The indigenous peoples of eastern North
America and Baja California are not thought to have hunted
the whales, but evidence shows they did take advantage of
stranded whales as a source of food and other materials. Im-
ages of gray whales can easily be identified in cave and rock
paintings made by indigenous people northeast of San Igna-
cio Lagoon.

In Baja California, Magdelena Bay was the center of Amer-
ican whaling from 1845 to 1874. In the United States and Eu-
rope at this time, whale oil was a valuable commodity, burned
in lamps for household illumination and used to lubricate ma-
chinery.

With the recovery of eastern Pacific populations, whale
watching has replaced whaling as a major money-making in-
dustry in Baja California and along North America’s West
Coast. Millions of people watch these whales on migration
each year. Magdelena Bay has sponsored a major gray whale
festival since 1994.

MLM © 2003

Gray whale (Eschrichtius robustus). (lllustration by Michelle Meneghini)
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Pygmy right whales

(Neobalaenidae)

Class Mammalia
Order Cetacea
Suborder Mysticeti
Family Neobalaenidae

Thumbnail description

Smallest baleen whale, with sickle-shaped
dorsal fin, arched rostrum, inconspicuous blow,
and coloration ranging from black or gray above
to pale below

Size
16.4-21.3 ft (5-6.5 m); maximum weight is
7,562 Ib (3,430 kg)

Number of genera, species

1 genera; 1 species
Distribution

Habitat
Coastal and pelagic waters of the Southern
Hemisphere, 31-52° S of the equator

Conservation status
Not listed by the IUCN

Evolution and systematics

The pygmy right whale, Caperea marginata, is the smallest
baleen whale and the only member of family Neobalaenidae.
In the past, it was placed among the right and bowhead whales
(Balaenidae). It is now considered to be a closer relative to
the rorquals (Balaenopteridae) and gray whales (Eschrichti-
idae). DNA research from 1992 and 1993 by Ulfur Arnason
and colleagues, as well as morphological evidence, have sup-
ported its membership in a separate family.

Caperea marginata differs from other right whales in hav-
ing a proportionally smaller head and humerus, a different
type of baleen, a dorsal fin, four digits instead of five, and 44
or fewer vertebrae. The skull is also very different from those
of the Balaenidae. The occipital shield is larger, and projects
farther to the fore. The rostrum is shorter, wider, and al-
though it forms less of an arch, the arch becomes more pro-
nounced with age. The supraorbital processes are shorter.
The nasal bones are smaller. The glenoid fossae and the or-
bits are less ventrally placed than on the Balaenidae.

No studies of geographic variation have been conducted,
and there are no recognized subspecies. No fossils are
known.

The taxonomy for this species is Caperea marginata (Gray,
1846), temperate waters of the Southern Hemisphere.

Physical characteristics
Caperea marginata is the smallest of the baleen whales. The

greatest length and weight ever recorded are 21.3 ft (6.5 m)
and 7,562 1b (3,430 kg).

Grzimek’s Animal Life Encyclopedia

Circumpolar, from about 30-55° S of the equator

Caperea marginata is streamlined. Adults are heftier than
rorquals but not as wide as bowhead or right whales. The rel-
atively large head comprises about one-fourth of total length.
The jawline arches and then reverses direction just northwest
of the eye, somewhat like a scythe or a question mark that has
been laid over to the left and the sharp angle smoothed into
a gentle curve. The flippers, located just aft of and below the
posterior end of the jawline, are small and narrow.

Features that distinguish C. marginata from other right
whales include a small and strongly hooked dorsal fin 25-30%
of body length forward from the tip of the flukes, and two

throat grooves.

The color is dark gray or black on the back, shading to
paler on the belly. The inside of the mouth and tongue are
ivory colored, as is the gum at the base of the baleen. The
baleen is long and narrow, with very fine bristles, and it is
creamy white in color except for the margin, which varies
from brown to black. Each side of the jaw has 213 to 230
baleen plates, which measure up to 33 in (840-850 mm).
The area of the filtering apparatus is relatively large for the
body size.

The skeleton and skull are different from those of all other
cetaceans. Caperea marginata has the most ribs (34-36) and
the least number of vertebrae (40-44) of any cetacean. The
ribs, wide and flat, become more so posteriorly, presumably
to protect internal organs, and they extend farther aft than
those of any other genera, leaving only two ribless vertebrae
anterior to the tail. The seven cervical vertebrae are all fused.
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Pygmy right whale (Caperea marginata). (lllustration by Brian Cress-
man)

C. marginata can easily be confused with the minke whale
(Balaenoptera acutorostrata) when seen from the rear.

Distribution

The pygmy right whale appears to inhabit the Southern
Hemisphere between latitudes 31° and 52°, in both coastal
and pelagic waters of the Atlantic, Pacific, and Indian Oceans.
More sightings—more than one-third of the total—have
taken place off the coast of southeastern Australia, primarily
off Tasmania, than anywhere else. Sightings and strandings
have also occurred in South Africa, southern South America,
New Zealand, The Falkland Islands, the Crozet Islands, and
the south Atlantic Ocean.

Habitat

Caperea marginata inhabits temperate and sub-antarctic
waters in coastal and pelagic zones, between the 5° and 20°
isotherms.

A pygmy right whale (Caperea marginata) off New Zealand. (Photo by
© Robert L. Pitman/Seapics.com. Reproduced by permission.)
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The dorsal fin of the pygmy right whale (Caperea marginata) distin-
guishes it from true right whales. (Photo by © Robert L. Pitman/
Seapics.com. Reproduced by permission.)

Behavior

Little is known about this small, obscure species, because
living animals have been observed only rarely. There have
been fewer than 20 observations of individuals or groups at
sea, partly due to the animal’s inconspicuous behavior, and to
the paucity of activity at the surface. Pods of up to ten ani-
mals have been seen, and in one instance, roughly 80 indi-
viduals were spotted together in pelagic waters, but most live
pygmy right whales have been observed singly or in pairs.

Caperea marginata have been viewed in the company of dol-
phins and pilot (Globicephala melas), sei (B. borealis), and minke
whales.

Caperea marginata usually swims slowly, around three to
five knots, but can accelerate and swim very quickly if neces-
sary, propagating a notable wake. It swims by flexing its body
laterally, in waves. It does not appear to jump, and the blow
is inconspicuous. Caperea marginata has been observed to dive
for only up to four minutes at a time, surfacing briefly be-
tween dives.

Vocalizations are characterized as sounding like intense
thumps or tone bursts, the volume of each quickly rising, then
slowly falling, while the frequency drops. They come in cy-
cles of 11-19, each with a mean duration of 180 m/sec, sep-
arated from each other by a mean of 460 m/sec.

Strandings can occur at any time of year, suggesting that
pygmy right whales may not migrate seasonally. However, in-
creased sightings and strandings in the waters off the Cape
Peninsula of South Africa during December, January, and
February have suggested a seasonal migration during these
months.

Feeding ecology and diet

Diet appears to consist almost entirely of copepods, and
possibly other plankton. Observations and comparisons with
other copepod eaters (sei and right whales) suggest that C.
marginata may use a surface-skimming technique for feeding.
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As mentioned, increased sightings and strandings in the
waters off the Cape Peninsula of South Africa from Decem-
ber to February have suggested a seasonal inward migration
during these months, which coincides with an increase in the
biomass of zooplankton that occurs during the Southern
Hemisphere’s spring and summer.

Reproductive biology

Little is known about reproductive biology. The mating
season, the mating system, the gestation period, and the calv-
ing interval are all unknown. Some researchers believe that
calving may take place year-round. Newborns are around 6.5
ft (2 m) and reach 9-11.5 ft (3.0-3.5 m) at weaning. Sexual
maturity is reached at 16-20 ft (5-6 m).

Conservation status

Caperea marginata is now listed on appendix I of the
CITES, meaning it is considered “Threatened, though it is
not listed by the IUCN.” Though it is the only baleen whale

to escape large-scale commercial whaling, it is thought to be

Family: Pygmy right whales

A stranded pygmy right whale (Caperea marginata). (Photo by Tui De
Roy/Minden Pictures. Reproduced by permission.)

comparatively rare. It may be at risk due to the difficulty of
distinguishing it from the Antarctic minke whale (B. bonaeren-
sis), 440 of which the Japanese harvested annually in the
Southern Ocean. The International Whaling Commission has
estimated population size due to lack of data. Caperea mar-
ginata is thought to be threatened by global climate change,
but not by toxic contamination.

Significance to humans

Though C. marginata have never been caught commer-
cially, individuals have been caught deliberately by inshore
fisheries, and accidentally in fishing nets.
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Right whales and bowhead whales

(Balaenidae)

Class Mammalia
Order Cetacea
Suborder Mysticeti
Family Balaenidae

Thumbnail description

Large, mainly black, baleen whales with
proportionally large heads, narrow rostra,
strongly arched mouthlines, broad flippers, and
no dorsal fins

Size
43-65 ft (13-20 m); 168,000-224,000 Ib
(76,200-101,600 kg)

Number of genera, species

2 genera; 4 species
Distribution
Habitat

Marine, coastal, pelagic, shallow, and deep
waters

Conservation status
Endangered: 1 species; Lower Risk/
Conservation Dependent: 2 species

Evolution and systematics

The balaenids diverged from the other mysticetes rela-
tively early, possibly around 30 million years ago (mya). The
oldest fossil is Morenocetus parvus, a primitive balaenid from
the early Miocene of Argentina (23 mya). Numerous fossils
of more derived balaenids have been reported from deposits
of late Miocene and Pliocene ages, especially in Europe. In
fact, species in the extinct genus Balaenula have more highly
derived crania than either of the living genera.

Balaena was the only genus in the suborder Mysticeti rec-
ognized by Linnaeus, and early classification systems generally
placed all baleen whales within it. For more than 100 years,
however, there has been a firm consensus that bowhead and
right whales belong to a separate family of mysticetes, the Bal-
aenidae. The pygmy right whale (Caperea marginata) was as-
signed to a family of its own, Neobalaenidae, in the 1920s.

There has been considerable disagreement until recently
about whether bowheads and right whales should be assigned
to one genus, Balaena, or instead the right whales should be
in a separate genus, Eubalaena. In addition, there has been dif-
ficulty agreeing on the number of right whale species. Two
had long been recognized: southern, Eubalaena australis, and
northern, E. glacialis. Current convention is to recognize two
genera, one containing only B. mysticetus, or the bowhead
whale; the other containing three species of right whales:
North Atlantic, E. glacialis, North Pacific, E. japonica, and
southern, E. australis, although there is some debate on
whether E. japonica is a separate species.
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Arctic and subarctic (bowhead), temperate Northern and Southern Hemispheres,
with movement into Antarctic and subarctic waters in summer (right whales); largely
absent from tropical belt

Referring to the balaenids generically as right whales
causes some confusion. As recently as the nineteenth century,
whalemen and scientists referred to the bowhead as the
Greenland or Arctic right whale, and to the other species in
the family as black right whales. Given the difficulties, it seems
more appropriate, or at least less confusing, to refer to the
family as a whole as balaenids, and to reserve the term “right
whales” for the genus Eubalaena.

Physical characteristics

The most obvious distinguishing characteristics of the fam-
ily Balaenidae are the large head (up to one third of the to-
tal body length), the narrow, arched rostrum, the complete
absence of a dorsal fin, and the broad flippers. The body is
rotund, and the mouth-line greatly arched to accommodate
long baleen plates (to 9 ft [2.8 m] in right whales, 13 ft [4 m]
in bowheads) that hang from the roof of the mouth. There is
a space at the front of the upper jaw separating the rows of
baleen plates into a left and a right series. The blows of bow-
heads and right whales are more consistently V-shaped than
those of other whales.

The body color is basically black. Bowheads have a white
chin patch and a light gray-to-white band around the base of
the tail, sometimes extending onto the flukes. Right whales
often have irregular white ventral patches.

The most conspicuous difference in appearance between
bowheads and right whales is that the latter have callosities
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Close-up of a southern right whale (Eubalaena australis) head. (Photo by Jen & Des Bartlett. Bruce Coleman, Inc. Reproduced by permission.)

The North Atlantic right whale (Eubalaena glacialis) showing its V- A southern right whale (Eubalaena australis) feeding at dusk with
shaped spout. (Photo by Sam Fried/Photo Researchers, Inc. Repro- baleen exposed. (Photo by © Doug Perrine/Seapics.com. Reproduced
duced by permission.) by permission.)
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The fluke of a North Atlantic right whale (Eubalaena glacialis). (Photo
by Frangois Gohier/Photo Researchers, Inc. Reproduced by permis-
sion.)

on their heads, especially on the rostrum, lower lips, and chin,
and above the eyes. These irregular, thickened patches of hard
skin are colonized by small amphipod crustaceans, called
cyamids, or “whale lice.” The skin of both bowhead and right
whales is generally free of barnacle infestation, although the
callosities of southern right whales are colonized by the bar-
nacle genus Tubicinella.

Distribution

Balaenids have a nearly cosmopolitan distribution in ma-
rine waters, or at least they did before being drastically de-
pleted by commercial whaling. They are absent only
between the tropics of Cancer and Capricorn and in the
far southern reaches of the Antarctic. The only large ma-
rine area poleward of 30° of latitude where they are not
known ever to have been common is the Mediterranean
Sea, although there have been a few records there. Bow-
heads occurred historically throughout the Arctic, includ-
ing the Sea of Okhotsk, Hudson Bay, and Gulf of St.
Lawrence. Ice massifs along the northern coasts of Asia and
North America periodically blocked their passage between
ocean basins.

Right whales were widely distributed across the North
Atlantic and North Pacific north of 30°N, but are now al-
most entirely absent in the eastern portions of those basins.
In the Southern Hemisphere, right whales occur in sum-
mer throughout most of the sub-Antarctic zone between
35-40°S and 55-60°S. Their wintering grounds are cen-
tered in discrete areas of coastline along the South Ameri-
can, African, and Australian continents as well as around
certain oceanic islands, including St. Paul and Tristan da
Cunbha.
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A North Atlantic right whale (Eubalaena glacialis) surfacing for air.
(Photo by Frangois Gohier/Photo Researchers, Inc. Reproduced by per-
mission.)

Habitat

The defining characteristic of balaenid feeding habitat is
zooplankton productivity, as these filter-feeding whales need
very high-density concentrations of prey on which to forage
efficiently. Thus, their summer distribution centers on coastal
and offshore areas where physical processes, involving bot-
tom topography, water column structure, and currents, ag-
gregate plankton.

All balaenid populations appear to have large ranges and
to migrate over fairly long distances. Bowheads are excep-
tionally adapted to coping with the annual formation and dis-
integration of sea ice in high latitudes. They travel through
areas where cracks and pools of open water are widely and ir-
regularly spaced, and they can break through new ice 9 in (22
cm) thick.

Known right whale calving grounds tend to be in warm
temperate bays and shallow coastal regions. While such areas
have been identified in the North Atlantic and Southern
Hemisphere, none have been specifically located for North
Pacific right whales or bowheads.

Behavior

The slow swimming speeds of balaenids made them vul-
nerable to capture by early whalers who could approach in
small open boats powered by hand or sail. They were, nev-
ertheless, dangerous quarry because of their powerful tails.
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A southern right whale (Eubalaena australis) breaching. (Photo by Tom Brakefield. Bruce Coleman, Inc. Reproduced by permission.)

Numerous whaleboats were “stove,” that is, broken and splin-
tered by the thrashing tail of a harpooned bowhead or right
whale. The tail is also used to defend against attempts at pre-
dation by killer whales (Orcinus orca). Besides fighting back,
bowheads move into heavy ice to elude killer whales. The
general distribution and migration patterns of bowheads may
have been strongly influenced, via selection pressure, by the
need to reduce frequency of encounters with killer whales.

These whales typically raise their flukes above the surface
at the beginning of a long dive. They probably do not dive
deeper than a few hundred feet (meters), and most dives do
not last longer than 10-20 minutes. Bowheads under duress
(e.g., when harpooned, or perhaps when transiting long dis-
tances under solid ice) can remain submerged for much
longer, possibly up to an hour.

Balaenids are fairly vocal, producing low-frequency moans,
grunts, belches, and pulses. Some bowhead calls have been
described as growls, roars, trumpet sounds, or wild complex
screams. They occasionally make high-frequency whines or
squeals. During spring, bowheads produce songs that typi-
cally consist of one to three themes, composed of one- to five-
note phrases. These songs are believed to serve a reproductive
function, perhaps to attract females or dominate rival males.
Loud, sharp sounds reminiscent of gunshots are sometimes
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heard from southern right whales and bowheads. It has been
suggested that reverberations from their calls are used by bow-
heads to sense the undersides of ice floes and thereby navi-
gate under sea ice.

Feeding ecology and diet

Balaenids prey exclusively on zooplankton, mainly cope-
pods and euphausiids. Their long, finely fringed baleen and
capacious mouths are well adapted to filter huge quantities of
very small organisms. As skim-feeders, they swim forward
with the mouth open, allowing water to flow in through the
front of the mouth and pass out through the baleen filter,
trapping food organisms on the inside fringed surfaces. The
prey are then swept off the baleen and into a narrow diges-
tive tract by the massive tongue.

Reproductive biology

Like other cetaceans, balaenids give birth to single young.
Gestation takes at least a year and calves are nursed for six
months or longer. The inter-birth interval is generally three
years for prime-aged females, and probably increases as they
approach senescence. Female right whales generally do not

Grzimek’s Animal Life Encyclopedia



Vol. 15: Mammals IV

Family: Right whales and bowhead whales

A North Atlantic right whale (Eubalaena glacialis) courting group. (Photo by Francois Gohier/Photo Researchers, Inc. Reproduced by permission.)

give birth to their first calf until they are eight or nine years
old. One photo-identified individual gave birth to seven calves
over a 29-year period. While right whales are known to be
capable of living for close to 70 years, bowheads live even
longer, and thought to reach ages of well over 100.

Right whales have the largest testes of any animal (6 ft [2 m]
long and nearly 2,000 1b [900 kg]). It is therefore assumed that
sperm competition is a central feature of their reproductive strat-
egy. There is no evidence to suggest long-term pairing between
males and females. The mating system is polygamous, with mul-
tiple males engaging in what behaviorists call “scramble com-
petition” for opportunities to copulate with a focal female.

Conservation status

All balaenids have been legally protected from commercial
whaling since the 1930s, but aboriginal people in the Arctic
are exempted and continue to hunt bowheads. Most ongoing
whaling is subject to management by the International Whal-
ing Commission (IWC) in cooperation with national and lo-
cal authorities, and the limits on removals appear adequate to
ensure continued population recovery. The hunting in east-
ern Canada, however, takes place outside the IWC’s purview,
and there is no assurance that the populations hunted there
will be allowed to recover. Although the bowhead is still rea-
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sonably abundant in the western Arctic, its numbers in the
eastern Arctic are much less than 5% of what they were when
commercial whaling began.

Several populations of southern right whales are making
strong recoveries from the depletion caused by commercial
whaling, but aggregate abundance is still only about 10% of
what it was in the late sixteenth century. The situation is much
less hopeful in the Northern Hemisphere. A few hundred
right whales remain in the western portions of the North Pa-
cific and North Atlantic, but the populations on the east sides
of these basins are all but extirpated, consisting of only scat-
tered individuals and small groups. Even with best-case rea-
soning, one cannot escape the fact that there are less than 5%
as many Northern Hemisphere right whales alive today than
there were when commercial whaling began.

The clearest threat to right whales today is incidental
mortality, caused mainly by collisions with ships and by en-
tanglements in fishing gear such as set or drifting gillnets
and lines connecting surface buoys with bottom traps for
crustaceans (crabs, lobsters, etc.). There is also uncertainty
whether some very small populations, such as bowheads
around Svalbard and right whales in the eastern North Pa-
cific and eastern North Atlantic, have the intrinsic capacity
to recover, given their loss of genetic and demographic di-
versity, changes in their ecological circumstances, and the pos-
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A southern right whale (Eubalaena australis) mother and calf. (Photo by Jen & Des Bartlett. Bruce Coleman, Inc. Reproduced by permission.)

sibility that they or their prey are being affected by chemical
pollution.

The TUCN lists the bowhead and one of its populations
as Lower Risk/Conservation Dependent, one of its popula-
tions as Critically Endangered, two as Endangered, and one
as Vulnerable. The southern right whale is listed as Lower
Risk/Conservation Dependent and the northern right whale
and its populations are listed as Endangered.

Significance to humans

Northern people traditionally used bowhead baleen to
construct toboggans, baskets, and traps and snares for catch-
ing birds and mammals. They also depended on bowheads for
food, for oil to produce light and heat, and for construction
materials. Bowhead bones supported the walls and roofs of
ancient Thule-culture dwellings across the Arctic. In the pre-
sent day, Eskimos in Alaska continue to organize much of
their cultural life around the annual bowhead hunt, and bow-
head meat and blubber remain staples in their diet.

Right whales and bowheads were the chief targets of early
Basque, and eventually other European and American
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whalers. The tough, flexible baleen, known to whalemen as
whalebone or bone, had great commercial value. It was used
as a stiffener for hoop skirts, shirt collars, and corsets, and to
make horse whips and umbrella ribs. Brooms and brushes
were fashioned from the fibrous fringes. Discovery of spring
steel, and later plastics, obviated the need for baleen, which
was, in any event, in short supply by the end of the nineteenth
century due to the depletion of balaenid stocks. The blubber
oil of right whales and bowheads lighted streets and homes
in Europe and North America, and its value did not decline
significantly until the advent of electricity and petroleum in
modern times.

Today, right whales are the focus of intensive research in
North and South America, South Africa, Australia, and New
Zealand. Special legislation exists to ensure their protection,
and regulations have been implemented to prevent ship strikes
and entanglements, especially off the eastern United States
and Canada. The accessibility of right whales near shore dur-
ing winter makes them popular tourist attractions in South
Africa, Argentina, and Australia, and their summer presence
in eastern Canada’s Bay of Fundy supports a number of local
tour enterprises.
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A southern right whale (Eubalaena australis) breaching. (Photo by Jen & Des Bartlett. Bruce Coleman, Inc. Reproduced by permission.)
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1. Southern right whale (Eubalaena australis); 2. North Atlantic right whale (Eubalaena glacialis); 3. Bowhead whale (Balaena mysticetus); 4. North
Pacific right whale (Eubalaena japonica). (lllustration by Michelle Meneghini)
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Species accounts

Bowhead whale
Balaena mysticetus

TAXONOMY
Balnena mysticetus Linnaeus, 1758, Greenland Sea.

OTHER COMMON NAMES

French: Baleine du Groenland; German: Gronlandwal; Spanish:
Ballena polar, ballena de Groenlandia.

PHYSICAL CHARACTERISTICS

Length 46-65 ft (14-20 m); weight 168,000-224,000 Ib
(76,200-101,600 kg). Rotund shape, but with a distinct “neck” re-
gion. No dorsal fin or ridge, very broad back. Flippers have blunt
tips and flukes wide with smooth contours. Muscular bulge (the
stack) in the blowhole area. Predominantly black; a white patch at
the front of the lower jaw may have several dark gray to black
spots indicating chin hair. Light gray to white band around tail
stock, just in front of the flukes. 250 to 350 baleen plates in each
side of the jaw up to 17 ft (5.2 m) long, longest of all whales.

DISTRIBUTION

Arctic circumpolar; largely separate populations (stocks) centered
in Sea of Okhotsk, Bering-Chukchi-Beaufort Seas, Hudson Bay-
Foxe Basin, Davis Strait, Baffin Bay, and Greenland-Barents
Seas; waters bordering northern Russia, United States (Alaska),
northern Canada, Greenland, and Norway (Svalbard).

HABITAT

Marine waters of any depth in high northern latitudes, often as-
sociated with pack ice, including very dense (greater than 90%)
ice coverage, but also found in open water during summer.

BEHAVIOR

Strongly migratory in response to ice formation and disintegra-
tion; slow-swimming; generally found alone or in small groups
that converge on feeding areas and when several males are at-
tempting to mate with a female.

FEEDING ECOLOGY AND DIET

Forage at surface, in water column, and on sea floor; 60 different
species have been identified in stomach contents; copepods and
euphausiids are preferred prey; mysids and gammarid amphipods
also eaten.

REPRODUCTIVE BIOLOGY

Mating season late winter and spring, calving season spring or
early summer, gestation 13—14 months, lactation less than a year.
Single calves are born at intervals of three to four years. Females
believed to reach sexual maturity at roughly 15 years of age.

CONSERVATION STATUS

About 10,000 bowheads still exist, most in the western Arctic
population. Numbers in the other stocks are in the hundreds or
less. The once large (25,000) Svalbard stock may number only
tens and is considered Critically Endangered. There is concern
that habitat deterioration caused by climate change in the Arctic
will impair recovery. Also, resumed hunting by Inuit in eastern

Eubalaena glacialis

Balaena mysticetus
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Canada is controversial because bowhead numbers there are a
small fraction of what they were historically.

SIGNIFICANCE TO HUMANS

Hunting of bowheads probably influenced early human settle-
ment patterns and was a major impetus for Arctic exploration.
European countries competed for ascendancy on the Spitsber-
gen and Davis Strait grounds, while the American fleet domi-
nated in Hudson Bay and the western Arctic. The species
continues to be a cultural icon in some Arctic communities
with a whaling tradition, and contributes to the Eskimo diet in
Alaska and, to a much smaller degree, in Russia and Canada. O

North Atlantic right whale

Eubalaena glacialis

TAXONOMY
Eubalaena glacialis (Miiller, 1776), North Cape, Norway.

OTHER COMMON NAMES
French: Baleine de Biscaye; German: Nordkaper; Spanish: Bal-
lena franca del Atldntico Norte.

PHYSICAL CHARACTERISTICS

Length 43-53 ft (13-16 m); weight 200,000 Ib (90,000 k).
One of the stockiest of all whales. Flippers are broad and tend
to be more fan-shaped than for most other cetaceans. No dor-
sal fin or ridge on the broad back. Flukes are very wide and
smoothly tapered, with a smooth trailing edge and a deep
notch. Most predominantly black, but large white splotches on
the belly and chin may be present. Head is covered with areas
of roughened skin (callosities) to which whale lice and some-
times barnacles attach, the largest of which is called the bon-
net. 200 to 270 baleen plates up to nearly 10 ft (3 m) long.

DISTRIBUTION

Originally across rim of North Atlantic from Florida in west to
northwestern Africa in east, with large numbers on feeding
grounds in Gulf of Maine, Gulf of St. Lawrence, off southeast-
ern Greenland, Iceland, and northwestern Europe. Presently
seen regularly only off eastern North America in coastal waters
from northern Florida to Nova Scotia.

HABITAT

Shallow coastal waters in low latitudes used for calving and
nursing in winter months; migratory routes partly coastal but
individuals travel long distances offshore as well; summer feed-
ing habitat in cooler northern waters with dense plankton con-
centrations.

BEHAVIOR

Courtship groups can involve more than 20 males boisterously
competing for access to an adult female, amid much pushing,
nudging, and rolling at the surface. In resting state, whales log
at surface for long periods, broad backs exposed. Feeding dives
last 10-20 minutes.

FEEDING ECOLOGY AND DIET

Large calanoid copepods are primary prey; also eat smaller
copepods, euphausiids, pteropods, barnacle larvae, and salps.
Mouth open and baleen visible while surface skim-feeding.
Mud on head after surfacing from extended dive implies forag-
ing near sea bottom in some instances.
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REPRODUCTIVE BIOLOGY

Females occasionally bear first calf at five years of age, but aver-
age closer to nine to 10 years. Most calves born in winter,
weaned by about one year of age. Normal calving interval about
three years, but this has been increasing, which raises concern
about possible reproductive dysfunction in this population.

CONSERVATION STATUS

Endangered. Only about 300-350 survive, compared with
many thousands, and possibly tens of thousands historically.
High incidence of ship strikes and entanglement in fishing gear
along east coast of North America is preventing recovery.
Other concerns include chemical pollution and genetic or de-
mographic effects of small population size.

SIGNIFICANCE TO HUMANS

Basque and possibly Norse whalers began whaling for this
species about a thousand years ago. Oil and baleen (whale-
bone) from these whales were valuable commodities, and
shore whalers in New York and North Carolina continued to
hunt them until the early twentieth century. Given its low
numbers and lack of recovery, the small remnant population
in the western North Atlantic now commands multi-million
dollar annual investments by government agencies and con-
servation groups. Right whales support economically signifi-
cant whale-watching in Nova Scotia and New Brunswick,
eastern Canada. O

North Pacific right whale

Eubalaena japonica

TAXONOMY
Eubalaena japonica Lacépede, 1818, Japan.

OTHER COMMON NAMES
French: Baleine japonaise; German: Pazifischer Nordkaper;
Spanish: Ballena franca del Pacifico Norte.

PHYSICAL CHARACTERISTICS

Length 46-59 ft (14-18 m); weight 220,000 Ib (100,000 kg).
One of the stockiest of all whales. Flippers are broad and tend
to be more fan-shaped than for most other cetaceans. No dor-
sal fin or ridge on the broad back. Flukes are very wide and
smoothly tapered, with a smooth trailing edge and a deep
notch. Most predominantly black, but large white splotches on
the belly and chin may be present. Head is covered with areas
of roughened skin (callosities) to which whale lice and some-
times barnacles attach, the largest of which is called the bon-
net. 200 to 270 baleen plates up to nearly 10 ft 3 m) long.

DISTRIBUTION

Throughout temperate and subarctic North Pacific; to central
Bering Sea in north, to Baja California (Mexico) in east, to
Taiwan and Bonin (Ogasawara) Islands (Japan) in west, occa-
sionally south to Hawaiian Islands in central Pacific. Most
sightings in recent years have been in southeastern Bering Sea
(outer Bristol Bay) and southern Okhotsk Sea.

HABITAT

Unlike for other species of Eubalaena, specific near-shore calv-

ing areas have not been identified. General distribution appears
to extend all across North Pacific basin, with major feeding ar-
eas (at least historically) in Gulf of Alaska, Bristol Bay, south-
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Eubalaena japonica

Eubalaena australis

ern Okhotsk Sea, and around Aleutian and Commander Is-
lands.

BEHAVIOR

Similar to other right whales. The few recent observations
have been of small groups and lone individuals, the latter
sometimes associated with humpback whales.

FEEDING ECOLOGY AND DIET
Diet dominated by calanoid copepods and larval stages of some
euphausiids.

REPRODUCTIVE BIOLOGY
Similar to other Eubalaena species.

CONSERVATION STATUS

Commercial whalers killed 21,000-30,000 between 1840 and
1849, amounting to about 80% of the total killed between
1839 and 1909. Eastern population almost extinct, having been
dealt a final blow by illegal Soviet whaling during 1960s, when
more than 370 were killed in the Bering Sea and Gulf of
Alaska. Now threatened by effects of small population size.
Western population may still be viable, numbering in hun-
dreds. Entanglement in fishing gear a continuing threat.

SIGNIFICANCE TO HUMANS

As true of all balaenids, hunted to very low levels by end of
nineteenth century for oil and baleen. Now only significant as
a focus of conservation and recovery efforts. O

Southern right whale
Eubalaena australis

TAXONOMY
Eubalaena australis Desmoulins, 1822, Algoa Bay, South Africa.
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OTHER COMMON NAMES

French: Baleine du Cap; German: Siidkaper; Spanish: Ballena
franca del sur.

PHYSICAL CHARACTERISTICS

Length 43-53 ft (13-16 m); weight 200,000 Ib (90,000 kg). One
of the stockiest of all whales. Flippers are broad and tend to be
more fan-shaped than for most other cetaceans. No dorsal fin or
ridge on the broad back. Flukes are very wide and smoothly ta-
pered, with a smooth trailing edge and a deep notch. Largely
black, but may have white patches on the belly or back. Some
blue-black, light brown, and nearly white individuals have been
noted. Callosities on the head are present, as for all right whales.
Whale lice are common in creases and folds of the body. 200 to
270 baleen plates up to nearly 10 ft (3 m) long.

DISTRIBUTION

Circumpolar in temperate to subpolar Southern Hemisphere;
South Africa, Namibia, southern Mozambique, Madagascar (for-
merly at least), southern Angola, western and southern Australia,
New Zealand (formerly at least), Chile, Argentina, southern
Brazil, around numerous oceanic islands such as Crozet, Kergue-
len, Amsterdam, and St. Paul (France), Prince Edward (South
Africa), Auckland and Campbell (New Zealand), Falkland, South
Georgia, Tristan, and Gough (United Kingdom).

HABITAT

Very widely distributed from near-shore waters to pelagic zone,
and from temperate waters south to Antarctic. Main determinant
of offshore habitat appears to be availability of dense concentra-
tions of zooplankton. Near-shore wintering grounds typically
have a gently sloping sandy bottom, relatively sheltered. Avoid-
ance of unwanted attention by male suitors may help explain fe-
male’s choice of nursery.
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BEHAVIOR

Migratory, moving south and offshore in summer, north and
inshore in winter, with at least portions of population congre-
gating in coastal calving areas. Generally occur in small groups
with no obvious social structure apart from close affiliation be-
tween mothers and calves. Aggregations form in productive
feeding areas and when numerous males attempt to mate with
focal female. Breaching (leaping clear of surface) and lobtailing
(slapping water with flukes) are common on wintering grounds.
Behavior called “tail-sailing” observed off Patagonia, with
flukes high above surface acting as a sail to propel whale hori-
zontally. Playful and curious behavior toward buoys, tide
gauges, and kelp fronds.

FEEDING ECOLOGY AND DIET

Zooplankton, mainly copepods and euphausiids, must be found
in dense concentrations to allow right whales to feed effi-
ciently. Whales surface skim-feeding on krill (Euphausia
superba), which are relatively fast-swimming and adept at
predator avoidance, can engage in high-speed bursts (8 knots)
and create considerable turbulence.

REPRODUCTIVE BIOLOGY
Average age at first calving about nine years, some individuals
giving birth at six, others not until 13 years old. Single calves
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are born at intervals of three years. Calving occurs over a pe-
riod of about four months during austral winter. Calves closely
associate with mothers for at least several months but are
weaned by one year of age. Gestation assumed to last about 12
months.

CONSERVATION STATUS

Lower Risk/Conservation Dependent. Although severely de-
pleted by commercial whaling throughout range, strong recover-
ies underway in some areas, notably southern Africa, Argentina,
and Australia. Numbers there total approximately 7,000, with
annual increase rates of 7-8%. In other areas such as New
Zealand, Chile, and Madagascar, there is little or no evidence of
recovery. An important factor limiting recovery was unreported
and only recently disclosed: illegal killing of more than 3,200
southern right whales by Soviet factory ships between 1951 and
1970, a period during which the species was legally protected.

SIGNIFICANCE TO HUMANS

Like other right whales, hunted relentlessly for oil and baleen.

For last 30 years, interest in whale-watching has grown rapidly
in South Africa, Argentina, and Australia. Marine-protected ar-
eas exist in all three countries to protect winter concentrations
of right whales and facilitate exploitation as objects of tourism

and study. O
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A
Rorquals

(Balaenopteridae)

Class Mammalia

Order Cetacea
Suborder Mysticeti
Family Balaenopteridae

Thumbnail description

Large-sized whales with furrows or pleats on
their undersides, and baleen instead of teeth.
Unlike other baleen whales, rorquals have
pointed dorsal fins, longer, streamlined bodies,
and relatively small heads

Size
32-102 ft (10-31 m); 22,000-400,000 Ib
(9,980-181,440 kg)

Number of genera, species

2 genera; 7 or 8 species Distribution

All oceans and adjoining seas of the world

Habitat
Marine, estuaries, aquatic, deep, benthic, and
pelagic

Conservation status

Endangered: 3 species; Vulnerable: 1 species;
Lower Risk/Conservation Dependent: 1 species;
Lower Risk/Near Threatened: 1 species; Data
Deficient: 1 species

Evolution and systematics

The oldest fossil whales are often grouped together in a
taxon known as the archaeocetes. They exhibit several fea-
tures that modern whales lack, such as teeth of different types
and nostrils near the tip of the nose. For many years, pale-
ontologists thought that whales evolved from a group of now-
extinct, wolf-like hoofed mammals called mesonychians. The
similarities in the shape and construction of the skull and in
the shape of the teeth were the best evidence for this. How-
ever, several phylogenetic studies of gene sequences of living
mammals have argued that whales are most closely related to
artiodactyls, which are the hoofed mammals with an even
number of toes, such as cows, pigs, camels, deer, and hip-
popotamus. In fact, the genetic evidence suggests that whales
are most closely related to hippos and are thus actually a sub-
group of artiodactyls. One of the main synapomorphies (a
shared character that originated in their last common ances-
tor) linking all living and extinct artiodactyls is an anklebone
that has rounded, pulley-shaped joints on each end. This an-
klebone allows only front-to-back motion between the leg and
ankle, and the ankle and toes. The front-and-back motion is
well suited for efficient running. Recent descriptions of the
ankle bones of Eocene whale species from Pakistan and India
show that whales have the double-pulley anklebone of artio-
dactyls, suggesting that the ancestor of whales and hippos may
have ventured into the water more than 55 million years ago.

In 1978, the earliest known well-preserved cetacean, a 52-
million-year-old skull, was discovered in Pakistan. The new
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bones, dubbed Pakicetus, proved to have key features that were
transitional between terrestrial mammals and the earliest true
whales, including an ear that was modified for directional hear-
ing underwater. An amphibious animal, Pakicetus was found
in near-shore marine sediments. Basilosurus is another Eocene
archaeocete, from the Gulf Coast, which retained tiny hind
limbs that projected from the body, although there was no
joint between the pelvic bones and the vertebrae.

By the late Oligocene, the two modern lineages of cetaceans
had evolved from archaeocete ancestors. The late Oligocene
whale, Aetiocetus from Oregon, has skull and jaw features
typical of baleen whales and is considered the earliest mys-
ticete, yet it also bares a full set of teeth. By the late Miocene,
rorquals were relatively common fossils in many marine
deposits.

Gray created this family (the Balaenopteridae) in 1864 to
include all the rorqual whales—defined as those that have a
number of throat grooves. All except the humpback whale
(Megaptera novaeangline) share a strong family resemblance.

Physical characteristics

Rorqual whales are relatively streamlined in appearance
and have pointed heads and small pointed fins. They can be
distinguished from other whales by many (25-200) deep
groves along their throats that expand when they feed. The
tongue is soft and fleshy, well adapted for licking food off
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A fin whale (Balaenoptera physalus) expelling through its blowhole. (Photo by Francois Gohier/Photo Researchers, Inc. Reproduced by permission.)

their baleen. There are eight species of rorqual whales: hump-
back whale (Megaptera novaeangliae), fin whale (Balaenoptera
physalus), Bryde’s whale (Balaenoptera edeni), blue whale (Bal-
aenoptera musculus), northern minke (Balaenoptera acutoros-
trata), Antarctic minke (Balaenoptera bonaerensis), and sei whale
(Balaenoptera borealis). Balaemoptera edeni may represent two
species, B. edeni and B. brydei, though this is not yet deter-
mined.

Rorquals range in size from 32 to 102 ft (10-31 m) and
weigh 22,000-400,000 1b (9,980-181,440 kg). Females grow
slightly larger than males.

Major distinctive features of the rorquals are a white right
lower lip and a white edge on the upper jaw in fin whales; a
single rostral ridge extending from the base of the blowhole in
sei whales; three prominent ridges on the rostrum (upper jaw
or snout) in Bryde’s whale; and a triangular-shaped rostrum
with a single prominent ridge in the minke whales. The blue
whale, the largest of all whales, possesses a small dorsal fin, a
flat rostrum that appears U-shaped when viewed from above,
and a tall, dense spout. In the Antarctic, a yellowish film of di-
atoms is often present on the ventral and lateral surfaces of
these whales, prompting the whaler’s term “sulfur-bottom.”
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Distribution

Bryde’s whale is found in tropical and temperate waters
around the world. They are especially abundant in areas of
high food productivity. In the western Pacific, Bryde’s whale
occurs from Japan to New Zealand, and in the eastern Pa-
cific, from Baja California to Chile. In the northeast Pacific,
they move between Bonin Islands and the coast of Japan, west
Kyushu, and further north. In the Atlantic, the species is re-
ported from Virginia to the Gulf of Mexico and the
Caribbean, south to Brazil. In the east, reports range from
the Canaries and Morocco south to the Cape of Good Hope.
In the Indian Ocean, their north-south range is from the Per-
sian Gulf to the Cape of Good Hope, and from Myanmar to
Australia.

Minke whales, the most widespread of the rorquals, are
found in tropical, temperate, and polar waters of both hemi-
spheres. The species is frequently seen in inshore northern
and western coastal waters of the United Kingdom, and oc-
casional records have been reported from the channel coast
of mainland Europe, the Mediterranean, and the Azores and
Portugal. In the Pacific, they range from the tropics (Viet-
nam, Baja California) to the Bering Sea. During summer,
minke whales are found from temperate waters all the way up
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A blue whale (Balaenoptera musculus) calf breaching. (Photo by Frangois Gohier/Photo Researchers, Inc. Reproduced by permission.)

to the ice pack. Their winter movements are poorly known;
some may stay in temperate waters year-round, and there is
recent acoustic evidence that some minke whales in the North
Atlantic may move into tropical waters in the Caribbean dur-
ing winter. Within their range, they are widely distributed,
and are found over a more widespread area than their larger
relatives.

Fin whales migrate to polar waters in summer for feeding
and return to warmer seas in winter for breeding. Photo-
identification work indicates that fin whales in the North
Atlantic have been detected to move throughout the New
England/Nova Scotia region, but have never been sighted off
of Newfoundland or the Gulf of St. Lawrence. Similarly, ge-
netic work indicates that fin whales in the Mediterranean, on
the other side of the North Atlantic, are a separate popula-
tion. No wintering concentration area is known anywhere in
the world; the speculation is that these animals go to deep
waters and disperse. There is a year-round resident group in
the Gulf of California in Mexico.

In the eastern North Pacific, fin whales winter from at least
central California southward, and summer from central Baja
California into the Chukchi Sea. In the western North Pa-
cific they winter in the Philippine Sea, including concentra-
tions in the East China Sea and the Sea of Japan. In the
western North Atlantic, they winter from the ice-edge south
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to Florida and the Greater Antilles, and into the Gulf of Mex-
ico, primarily in offshore waters. They summer from below
the latitude of Cape Cod to the Arctic Circle. They are pre-
sent in the Mediterranean Sea and in the eastern North At-
lantic from the Strait of Gibraltar to southwestern Norway
in winter. Although fin whales are in the Mediterranean Sea
year-round, they apparently migrate to more northerly wa-
ters along the eastern European coasts. In the southern hemi-
sphere, fin whales migrate from summering grounds in the
Antarctic past New Zealand into the southwestern Pacific,
along South America to Peru on the west coast and Brazil on
the east coast, to the central Atlantic off the west coast of
Africa, and to the southern Indian Ocean.

Sei whales are largely oceanic, and widely distributed in
temperate and polar waters of both hemispheres. Blue whales
are found closer to shore, often near deep coastal canyons.
Humpback whales migrate between their breeding and feed-
ing grounds, moving mainly along the continental coasts in
the Northern and Southern Hemispheres.

Habitat

Rorquals are found in open seas, but mainly over conti-
nental shelves, and sometimes in bays, inlets, and estuaries.
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A minke whale (Balaenoptera acutorostrata) surfacing. (Photo by
Francois Gohier/Photo Researchers, Inc. Reproduced by permission.)

Behavior

The social organization of rorquals is still poorly under-
stood. Groups generally only include two to five individuals,
although larger, temporary aggregations occur on rich feed-
ing grounds and during the breeding season. Rorquals are not
deep divers, generally feeding within 330 ft (100 m) of the
surface.

Because of the loud, low-frequency sounds made by fin
whales, animals may remain in vocal contact over long dis-
tances, making it difficult to know when whales are or are not
associated. The fin whale is sometimes called the “greyhound
of the sea” because of its fast swimming speed; it can swim

up to 23 mph (37 km/hr) in short bursts.

Some minke whales undertake lengthy migration, total-
ing 5,590 mile (9,000 km) or more, but others may move lit-
tle. There are many regions where minkes are found
year-round. However, seasonal variation in abundance and
distribution suggests that the whales probably do undergo
some migration, from higher latitudes in summer to lower
latitudes in winter. Pregnant females seem to move farther
north in summer than lactating and immature females, but
in some temperate waters these animals are present year-
round.

Long migrations are probably not typical of Bryde’s
whales, although there are indications that some animals may
shift towards the equator in winter and toward more tem-
perate waters in summer. They are not, however, one of the
species that frequents the Antarctic Ocean each year. Bryde’s
whales mainly make local seasonal movements, and may form
resident populations in some regions. In certain areas, for ex-
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ample, off South Africa, two forms of the species are found:
one is resident year-round, and found within 25 miles (40 km)
of the coast, and the other generally occurs about 62 miles
(100 km) from the shore and appears there in autumn and
spring. The offshore form undertakes north-south migrations
as it follows shoals of fish throughout the year. In the north-
west Pacific, Bryde’s whale moves from the Bonin Islands
north to the coast of Japan, a seasonal migration of only about
342 miles (550 km). In the Gulf of California, Bryde’s whales
probably make limited north-south migrations on a local
scale, following sardine and herring concentrations. They
seem to be relatively resident in the area year-round.

Minke whales are more likely to be seen close-up than
other rorquals, as they often approach boats, especially sta-
tionary vessels, and are notoriously inquisitive. They are fast
moving and may swim at speeds in excess of 13 miles (20 km)
per hour. The surfacing and blow rates of minke whales tend
to be less regular than those of the large baleen whales, and
may be affected by the presence of vessels, time of day, ac-
tivity of the animal, and/or the environmental conditions. A
typical dive sequence is five to eight blows, at intervals less
than one minute, followed by a dive, lasting from two to six
minutes, although minkes can stay underwater for 20 minutes
or longer. They are also known to breach more often than
other baleen whales, leaping clear of the surface and reenter-
ing the water head-first or with a splash.

Bryde’s whales also seem to breach often and, when feed-
ing, often change direction and splash and roll around at the
surface. They generally take four or five short breaths before
starting a long dive. They may dive for 20 minutes or so, and
rarely show their tail flukes as they dive. They often surface
steeply, like the fin whale, with the blow becoming visible well
before the dorsal fin is exposed. They have been observed to
exhale underwater, surfacing with little or no visible blow.
They are known to be inquisitive and sometimes approach
boats, circling them or swimming alongside. Its lifespan is ap-
proximately 50 years.

A minke whale (Balaenoptera acutorostrata) near Great Barrier Reef,
Australia. (Photo by Francois Gohier/Photo Researchers, Inc. Repro-
duced by permission.)
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A humpback whale (Megaptera novaeangliae) bubble-net feeding (cooperative feeding) in Alaska. (Photo by Francois Gohier/Photo Researchers,
Inc. Reproduced by permission.)

Rorquals produce four types of sounds: low-frequency
moans, including the “songs” of the humpback whale; grunt-
like thumps and knocks of short duration; high-frequency
chirps, cries, and whistles; and low-frequency clicks or pulses.
Though few sounds are known to be linked with specific be-
haviors, it is thought that the sounds are social, for greeting,
courtship, threat, individual identification, and other pur-
poses. The origin of these sounds is suspected to be the lar-
ynx, although whales have no vocal cords.

Humpback whale “songs” are sung only by solitary males,
and they all sing the same song during each breeding season.
The specific function of the song is not known, but likely
communicates information to other male and female hump-
backs. When the solitary males join social groups they no
longer sing their song.

Feeding ecology and diet

Rorquals feed with the help of their baleen, curtains of
horny fronds hanging from the top of their giant, bowed up-
per jaws. Most rorquals drop their pleated lower jaws and en-
gulf schools of small fish or invertebrates. Closing their
mouths, they ram their tongues against the baleen, squeezing
out the water through their lips, while leaving the food be-
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hind. Dives for food rarely last longer than 10 minutes, to
depths less than 660 ft (200 m).

The main food of rorquals is various species of krill (eu-
phasiids). Rorquals also eat animals such as small squid,
lantern fish (Myctophidae), and certain amphipods. Sei whale
prefer copepods if available. Bryde’s whales feed on krill in
pelagic waters and fish in coastal areas. Blue whales feed al-
most exclusively on swarms of krill. However, off Baja Cali-
fornia, Mexico, they also eat seagoing crabs in the winter. In
the Antarctic, daily food consumption for a single blue whale
is up to 8 tons (7.3 tonnes) of krill.

In certain feeding areas, one or two humpbacks swim in an
upward spiral around swarms of krill found on or below the
surface. As they circle the krill, they expel a chain of bubbles
from their blowholes. The rising bubbles form a “bubble net”
that forces the krill to mass to the center of the bubbles.

Because of their relatively small size, and lowered ener-
getic needs, minke whales consume a wider variety of fish than
the larger fin and humpback whales. At times, they may even
take single larger fish rather than large quantities of smaller
fish. Feeding minke whales are often seen near the surface
chasing fish. The species has been reported to feed in one of
two ways: lunge feeding or “bird association” feeding (de-
pending mainly on the feeding areas). Most individuals seem
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A humpback whale (Megaptera novaeangliae) family feeding, Inside Passage, southeasten Alaska, USA. (Photo by John Hyde. Bruce Coleman,
Inc. Reproduced by permission.)

to specialize in just one of these methods. Bird-associated for-
aging exploits the concentration of fish fry below flocks of
feeding gulls and auks, while lunge feeding consists of the
whale actively concentrating the prey against the air-water in-
terface with no feeding birds involved. The minke whale is
often seen turning on its side when lunge feeding. In the
North Pacific, the minke whale feeds on krill and sand lance.

Bryde’s whale often exploits the activities of other predators,
swimming through and engulfing the fish they have herded.
Therefore, it is frequently found in areas of high fish abundance,
along with seabirds, seals, sharks, and other cetaceans. When
teeding, Bryde’s whales often roll onto their sides or churn the
water at the surface by pinwheeling or haltheartedly breaching.
They also frequently accelerate and change direction suddenly.
So their movements when feeding look more like those of feed-
ing dolphins than those of the other large whales. Bryde’s whales
feed actively year-round.

Reproductive biology

The entire reproductive cycle is correlated with the migra-
tions of the whales between rich feeding areas and breeding/
calving grounds. Mating usually occurs with the pair swim-
ming on their side, belly to belly. The male’s testes are
retained permanently inside the abdominal cavity. Most
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rorquals have a polygamous mating system, with both males
and females being promiscuous.

The gestation period is a year or slightly longer in all
rorquals, except in minkes, which is about 10 months. The
mean length at birth ranges from 9 ft (2.7 m) for the minke
whale to about 23 ft (7m) for the blue whale. Only a single
young is born. The teats of the mammary glands are found
within paired slits on either side of the female reproductive
opening. Contact with the teats during suckling causes the
milk to spurt freely into the mouth of the calf. The milk of
rorquals is unusually high in fat content: 30-53%. The high-
fat content likely accounts for the rapid growth of the calf
during the suckling period (usually one year), during which
it can increase its body weight five to eight times. The larger,
mature rorquals breed every two to three years; smaller minke
whales breed almost every year. Sexual maturity is attained in
both sexes between five and 15 years. Whales in depleted pop-
ulations attain sexual maturity at an earlier age than those in
populations at their carrying capacity. Rorquals average a life
span of 50 to 80 years.

Conservation status

In 1946, 20 whaling nations set up the International Whal-
ing Commission (IWC) in an attempt to regulate whale hunt-
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An adult humpback whale (Megaptera novaeangliae) near Cierva Cove,
Antarctic Peninsula. (Photo by Rod Planck/Photo Researchers, Inc. Re-
produced by permission.)

ing to stop over-fishing. It collected data on the number of
whales, though the numbers came mostly from the whalers
themselves. The commission set annual quotas for the num-
ber of whales to be killed. These quotas, however, were non-
binding and could not be enforced. Furthermore, some
whaling nations did not belong to the IWC. The blue whale,
for example, was not completely protected by the IWC until
the 1965-1966 season, long after its numbers had been dras-
tically reduced. And even under the protection of the IWC,
blue whales were hunted at least until 1971 by the fleets of
countries that did not belong to the IWC.

Under mounting pressure from conservationists, the IWC
gradually banned the hunting of other whales. The United
States Congress separately passed the Marine Mammal Pro-
tection Act of 1972, which bans the hunting of all marine
mammals (except in the traditional fisheries of Alaskan na-
tives) and the importation of their products. By 1974, the
IWC had included the blue whale and the humpback whale
under its protection. Minke whales, sei whales, and fin whales
were still being hunted in large numbers, but worldwide
catches began to dwindle. Catches fell from 64,418 in 1965
to 6,623 in 1985. A moratorium on all commercial whaling
was finally declared by the IWC in 1985, a move considered
long overdue by conservation groups. Japan, Iceland, and
Norway, however, opted in 1988 to continue to hunt minke,
fin, and sei whales, a fishery permitted by the IWC under the
controversial guise of “scientific whaling.”

The fin whale, blue whale, and sei whale are listed as En-
dangered by the IUCN; the humpback whale is Vulnerable;
the northern minke whale is Lower Risk/Near Threatened;
the Antarctic minke whale as Lower Risk/Conservation De-
pendent; and Bryde’s whale as Data Deficient.
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A humpback whale (Megaptera novaeangliae) breaching, Frederick
Sound, Inside Passage, southeast Alaska, USA. (Photo by John Hyde.
Bruce Coleman, Inc. Reproduced by permission.)

Significance to humans

Historically, demand for whale blubber, mostly oil used in
the manufacture of margarine, soaps, and lubricants, and as a
substitute for kerosene, was high. By the 1980s, artificial sub-
stitutes had been found for whale oil. Whale meat, however,
remains valued as both a pet food and as human food, mostly
in the kujiraya, or whale-meat bars, of Japan. About 70% of
the cetacean products from market surveys in Japan and South
Korea have proven to be from minke whales (about 19% Bal-
aenoptera acutorostrata and 51% B. bonaerensis). The Japanese
surveys included collections organized by Earthtrust, Whale
and Dolphin Conservation Society, TRAFFIC Japan, and
Greenpeace Germany from 1999 and 1998.

Blue whales, the largest of them all, were especially sought
for their blubber. A large specimen yielded more than 9,000
gal (34,000 1) of oil. It has been estimated that more than
200,000 blue whales were taken worldwide between 1924 and
1971, close to 30,000 during the 1930-1931 whaling season
alone. Soon catches pushed way above optimal yield level. As
many as 80% of all blue whales caught by 1963 were sexually
immature, meaning that there were even less individuals in
the ocean to perpetuate the species.

Fin whales, the second largest of all whales, became the
next major target as blue whales became scarcer. The 1950s
and early 1960s saw annual catches of 20,000-32,000 fin
whales per year, mostly from Antarctica. As their stocks dwin-
dled, whalers shifted once again in the mid-1960s, this time
to the smaller sei whale.

Whale watching has become, in many cases, an economi-
cally beneficial alternative to hunting. In 2000, it attracted
some nine million enthusiasts in 87 countries, and generated
a record-breaking $1 billion in revenue, according to the
World Wildlife Fund. The income earned by the industry has
doubled in only six years. In Iceland, whale-watching passen-
ger numbers have grown from just 100 in 1991 to 44,000 in
2000.
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1. Northern minke whale (Balaenoptera acutorostrata); 2. Fin whale (Balaenoptera physalus); 3. Bryde’s whale (Balaenoptera edeni). (lllustration
by Brian Cressman)
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Species accounts

Fin whale
Balaenoptera physalus

SUBFAMILY
Balaenopterinae

TAXONOMY
Balaenoptera physalus (Linnaeus, 1758), Spitsbergen Sea, near
Svalbard, Norway.

OTHER COMMON NAMES
English: Finback, herring whale, razorback; French: Baleine
fin, rorqual commun; Spanish: Ballena aleta, ballena boba.

PHYSICAL CHARACTERISTICS

Grows to 78 ft (24 m) and 88.5 ft (27 m) in the Northern and
Southern Hemispheres, respectively. A full-grown adult weighs
about 30-80 tons (27-73 t). Females are generally larger than
the males. The dorsal fin—which often slopes backwards—is
set about two-thirds back along the body. The flukes are broad
and triangular; the head is pointed. It is dark gray to brownish
black, with white undersides. Has an asymmetrical head; the
bottom lip is dark on the left side and white on the right side.
There are 520-950 baleen plates per animal, the largest of
which is 35 in (90 cm) in length, and 50-200 pleats on the
lower jaw that expand during feeding.

DISTRIBUTION
Distributed worldwide, with three major distinct populations:
the North Atlantic, North Pacific, and southern oceans.

HABITAT
Rare in tropical waters and among pack ice; is rarely seen in-
shore.

BEHAVIOR

Gregarious, and are usually found either in pairs (as in mother
and calf) or in groups of six to 10 animals. Although individu-
als are also common, congregations of approximately 100 can
be found on the feeding grounds. Dives to a maximum of
about 984 ft (300 m) and communicates via moans, pulses,
clicks, and grunts, as well as breaching.

FEEDING ECOLOGY AND DIET

A wide variety of small fish, with some krill (their primary diet
in the southern hemisphere). Some fish, such as herring and
capelin, as well as squid, are also taken as food. It is unknown
whether this species fasts through the winter months.

REPRODUCTIVE BIOLOGY

Born during the winter at 15-18 ft (4.6-5.5 m) and approxi-
mately 3,000 1b (1,360 kg) after a 12-month gestation. The calf
stays with its mother for six to eight months. Maturity is be-
lieved to take place at six to eight years of age, and females
produce a single calf every two to five years. May live 60-100
years.

CONSERVATION STATUS
Fin whales were killed extensively once whalers had virtually
extinguished blue whales. Between the 1930s and the 1960s,

Balaenoptera physalus
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more than 500,000 fin whales were killed worldwide, mostly in
the Antarctic. Although whaling for fin whales took place as
recently as 1989, kills were highly limited after 1970. Now
protected worldwide, fin whales are estimated to number
50,000-90,000, and are listed as Endangered on the IUCN
Red List. Currently, the largest threats to fin whales are devel-
opment and habitat destruction, entanglement, and the interest
in several countries for resumed whaling.

SIGNIFICANCE TO HUMANS
None known. O

Northern minke whale
Balaenoptera acutorostrata

SUBFAMILY
Balaenopterinae

TAXONOMY
Balaenoptera acutorostrata Lacépede, 1804, Manche, France. A
subspecies was identified by Burmeister in 1867.

OTHER COMMON NAMES
English: Piked whale, finner, lesser rorqual; French: Petit
rorqual; Spanish: Ballena minke.

PHYSICAL CHARACTERISTICS

Smallest of the rorqual whales, ranging 26-33 ft (8-10 m) as
adults and weighing about 5-8 tons (4.5-7.2 t), they are sleek,
small, and dolphin-like; a streamlined body and a tall, falcate
dorsal fin; the rostrum is very narrow and pointed, with a sin-
gle ridge from the blowhole. They sport a white stripe across
each flipper; sometimes also have a light chevron on the back,
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behind the head, and two regions of light gray on each side.
The broad tail flukes may be pale gray, blue-gray or white on
the underside, usually with a dark margin. The baleen plates
(between 230 and 330 pairs) are white, gray, or cream. Be-
tween 50 and 70 thin ventral pleats. Generally, they are black,
gray, or brown dorsally and light ventrally.

DISTRIBUTION

Distributed from the tropics to the ice edges worldwide, with
two major distinct populations: the North Atlantic and North
Pacific. They range from Florida to Labrador and Greenland
and from North Africa to north of Spitsbergen.

HABITAT

Of all baleen whales, they are found closest to the edge of the
polar ice, sometimes entering the ice fields. In general, they ap-
proach close to shore and often enter bays, inlets, and estuaries.

BEHAVIOR

Almost always seen by themselves or in pairs or threes, al-
though they appear to aggregate in concentrations that can
number up 50 in productive food areas. While true side-by-
side associations are unusual, they may work in small bands
where individuals stay in each other’s general vicinity. Have
feeding strategies that are specialized within the locality.

FEEDING ECOLOGY AND DIET

Feed on whatever food source is most abundant in a given
area, primarily krill and small schooling fish, but occasionally
larger fish such as mature Arctic cod and haddock. In the
North Atlantic, the northern minke whale is known to feed on
sand lance, sand eel, krill, salmon, capelin, mackerel, cod, her-
ring, and a number of other fish species.

REPRODUCTIVE BIOLOGY
Very little is known. Breeding may occur throughout the year,
but there seems to be a calving peak in winter. The gestation

Balaenoptera acutorostrata

Balaenoptera edeni
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period is thought to be about 10 months and lactation proba-
bly occurs for three to six months. The newborn calf is only
about 8.5 ft (2.6 m) long and stays with its mother for about
two years. In the Pacific, females are thought to give birth to
one calf at a time once every one to two years. Females be-
come sexually mature at ages six to eight and males at five to
eight years. In the North Atlantic, females may give birth
every year. The age at sexual maturity has been estimated at
7.1 years in females and six years in males. They live to ap-
proximately 60 years.

CONSERVATION STATUS

The most abundant whale in the world today, numbering be-
tween 103,000-204,000 animals. They are listed as Low Risk/
Conservation Dependent on the IUCN’s Red List. They are
still commercially hunted by Norway, where about 500 are
killed per year, and the Japanese take up to 800 minke whales
per year. Current threats include expansion of the current hunt
(which is being promoted by Japan, Norway, and Iceland), en-
tanglements in fishing gear, and degradation of their habitat
from pollution.

SIGNIFICANCE TO HUMANS

Despite the IWC’s Moratorium on Commercial Whaling that
came into effect in 1986, meat from these whales—and many
other species—still ends up on many butchers’ slabs. The meat is
considered a delicacy in Japan, where it sells for several hundred
dollars per pound. The Korean fishery is now the largest coastal
minke whale fishery in the world. Individuals are also taken spo-
radically for food by Eskimos on St. Lawrence Island, Alaska. O

Bryde’s whale
Balaenoptera edeni

SUBFAMILY
Balaenopterinae

TAXONOMY

Balaenoptera edeni Anderson, 1879, Burma. (Pronounced
“brude’s.”)

OTHER COMMON NAMES
English: Tropical whale; French: Rorqual de Bryde; Spanish:
Ballena de Bryde.

PHYSICAL CHARACTERISTICS

Length 43-50 ft (13-15.3 m); females are slightly larger than
males. The color is variable, but usually the dorsal side is
bluish black and the ventral side white or yellowish. A dark
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bluish gray area extends from the throat to the flippers. The
flippers are slender and somewhat pointed. The dorsal fin is
pointed and falcate. The ventral grooves extend to the umbili-
cus. Unique to the Bryde’s whale is the presence of two lateral
ridges that run from the tip of the snout to the blowholes. The
baleen is about 7.5 in (19 ¢m) wide and about 20 in (50 c¢m)
long. The inner margin is concave. They usually have 250-280
fully developed baleen plates. In some populations, whitish
gray, oblong spots occur over much of the body surface, which
may be scars from parasites or sharks.

DISTRIBUTION

Found in the tropical and temperate areas of the southern Pa-
cific, Atlantic, and Indian Oceans. On the northern hemi-
sphere, this species can be found in the tropical and temperate
areas of the Pacific and the western Atlantic, as well as in the
Indian Ocean.

HABITAT
Tropical to warm temperate inshore and offshore waters, fol-
lowing food.

BEHAVIOR

Either swim alone or in pairs; the largest group sizes of 10-23
animals are usually in loose congregations when feeding. Dives
to a maximum of 980 ft (300 m) and communicates via moans,
pulses, clicks, and grunts, as well as breaching. Its life span is
approximately 50 years.

FEEDING ECOLOGY AND DIET
Feeds predominantly on krill, schooling fish such as pilchards,
anchovies, herring, and mackerel; also bonito, shark, and squid.

REPRODUCTIVE BIOLOGY

Females become sexually mature at 10 years of age. Males be-
come sexually mature at the age of 9-13 years. Breed through-
out the year; gestation lasts about one year. Calves are weaned
at about six months. Females probably give birth less than once
every two years.

CONSERVATION STATUS
The TUCN recognizes the species as Data Deficient. Popula-
tion size is estimated between 40,000-80,000 animals.

SIGNIFICANCE TO HUMANS

Bryde’s whales are regularly captured in the artisanal whale
hunt of the Philippines and in Indonesia. They have only been
systematically exploited in this region of the world and this
ceased when the IWC’s Moratorium on Commercial Whaling
was introduced in 1986. Therefore, Bryde’s whale is not be-
lieved to be in danger nor at depleted levels. O
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Common name /
Scientific name/ Physical Habitat and Conservation
Other common names characteristics behavior Distribution Diet status
Blue whale Largest mammal. Coloration is slate or Found in temperate and All oceans and adjoin-  Consists almost entirely ~ Endangered
Balaenoptera musculus grayish blue, mottled with light spots. subtropical zones during the  ing seas. of shrimp-like crusta-
French: Baleine bleue, rorqual  Underparts may acquire yellowish winter, and around the poles ceans of the family
bleu; German: Blauwal; coating of microorganisms. About 90 in the spring. Does not eat Euphausiidae.
Spanish: Ballena azul, rorcual  ventral grooves extend to navel. Head for a period of up to 8
azul and body length 73.8-78.7 ft months and lives off stored
(22.5-24 m). fat. Mating and calving take
place in late spring and
summer.
Antarctic minke whale Coloration of back is dark gray, belly and  Found within 100 mi (160 All oceans and adjoin-  Mainly plankton, but also  Lower Risk/
Balaenoptera bonaerensis area under flippers is white. There is a km) of coastline, often in ing seas. squid, herring cod, Conservation
French: Petit rorqual austral; white diagonal band on each flipper. May  bays and estuaries. Moves sardines, and various Dependent
German: Siidlicher be pale chevron on back behind head or  far into the polar ice fields. other kinds of small fish.
Zwergwal, Antarktischer pale gray bracket marks above each Fast swimmer, very acrobatic.
Zwergwal; Spanish: Ballena flipper. Row of about 300 baleen plates Generally solitary or in
minke Antérctica on each side of the upper part of the groups of two to four
mouth, mostly yellowish white in color. individuals. Usually one
Head and body length, males 24 ft offspring produced each
(7.3 m), females 25.9 ft (7.9 m). Females year.
are slightly larger than males.
Sei whale Coloration is typically dark steel gray These whales are found far ~ Atlantic, Pacific, and Consists of copepods, Endangered
Balaenoptera borealis with irregular white markings ventrally. from shore. They are among  Indian Oceans. amphipods, euphausiids,
French: Baleinoptere de Ventrum has 38-56 deep grooves, the fastest cetaceans and can and small fish.
Rudolphi; German: Seiwal; side of upperpart of mouth contains 300- travel up to speeds of 31
Spanish: Rorcual nortefio 380 baleen plates. Head and body mph (50 kph). Typical groups
length 40-50 ft (12.2-15.2 m). consist of 2 to 5 individuals.
Mating occurs during winter
months.
Humpback whale Coloration is black, white on ventral part, ~Groups consist of 2 to 5 Atlantic and Pacific Consists mainly of fish Vulnerable
Megaptera novaeangliae flippers, and throat. Small dorsal finon individuals. Breeding takes ~ Oceans. caught through baleen.
French: Baleine a bosse, hump. Head, jaw, and flippers are covered place in tropical waters in the
mégaptére; German: Buckelwal; with bumps. Head and body length 37.7—  winter, usually once every
Spanish: Ballena jorobada, 49.2 ft (11.5-15 m), weight 27.6-33.1 two years. Known for males'
gubarte tons (25-30 tonnes). Males are smaller.  detailed songs. May live up
to 77 years.
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The ungulates

(Hoofed mammals)

Introduction

Ungulates or hoofed mammals are a large, diverse, and
highly successful group of terrestrial mammals classified into
a series of superorders and orders. Originally the term “un-
gulate” referred to plant-eating animals with hooves on the
terminal digits (toes) of their legs. This foot structure is their
unique morphological adaptation and defining characteristic.
In all species, the size of at least one toe has decreased, and
in many, the number of toes has been reduced through nat-
ural selection. In addition, as their common name indicates,
most have evolved hooves, which are modified claws or nails
at the tips of the toes. There are two basic specialized foot
plans in the ungulates: mesaxonic, in which the main weight
is borne on the third digit (toe) as in horses, for example; and
paraxonic, in which the weight is borne equally by the third
and fourth digits as seen in cattle.

Ungulates are not only the most successful and widespread
group of large mammals in the world today, but they are also
the single most important group of animal species directly
beneficial to humans. Almost all the important domestic an-
imals are ungulates, including horses, pigs, cattle, sheep, goats,
camels, and water buffalo. From these species, humans obtain
meat, milk, hides, fibers, draft animal power, and much more.
These animals, along with domestic plants, fostered develop-
ment of modern civilizations and continue to support hu-
mankind across the globe.

Evolution and systematics

The evolutionary story of the ungulates is complex and not
always taxonomically clear. It revolves around changes to-
wards herbivory and accompanying changes to morphology
of skulls, teeth and digestive systems. The story also involved
evolution of the limb structure in response to predation pres-
sure such that the limbs became increasingly adapted for fast
running (cursorial locomotion). The early evolution is par-
ticularly challenging to understand, so it is difficult to pro-
vide a clear account of their history. Many of the mammals
included in the grand order Ungulata are not necessarily
closely related. However, even widely separated forms show
many cases of parallel evolution, often more than once
and often to a remarkable degree of similarity. The evolu-
tionary story is also problematic because ancestral ungulates
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are poorly represented in the fossil record resulting in an in-
complete history; thus it is sometimes difficult to determine
with confidence whether or not a particular fossil was an an-
cestral form. The taxonomy of ungulates will always change
as new fossils are discovered and new evidence based on DNA
and other molecular analyses help reconstruct their evolu-

tionary history.

Traditionally, five superorders of ungulates have been rec-
ognized based on morphological evidence from fossil remains,
encompassing up to 16 orders. The superorders consisted of:
the Protoungulata, comprised of the primitive ungulates
within the Condylarthra, the tillodonts, the litopterns, no-
toungulates and the Astrapotheria, as well as the Tubuliden-
tata; the Amblypoda with three or four orders, the Dinocerata,
Pyrotheria, and Desmostylia, and possibly the Pantodonta;
the Paenungulata or near-ungulates, which include the Sire-
nia, Proboscidea, and Hyracoidea, along with extinct and
distantly related Embrithopoda and Desmostylia; the Parax-
onia containing the Artiodactyla; and the Mesaxonia with
the Perissodactyla. Of these 16 orders, only six are extant:
Tubulidentata (aardvarks), Sirenia (manatees and dugongs),
Proboscidea (elephants), Hyracoidea (hyraxes), and the
two modern ungulate orders, the Artiodactyla and Perisso-
dactyla. Recent interpretations of the grand order Ungulata
include the order Cetacea (whales and dolphins), while the
Pantodonta, formerly included in the Amblypoda, are prob-
ably not ungulate. Of the remaining previous members of the
amblypods, the uintatheres (Dinocerata) are thought to be
more closely related to the paenungulates and perissodactyls,
and the desmostylians are placed closer to the proboscidean
root.

The following synopsis of the history of modern ungulates
is best understood within the context of broad groups that in-
cluded other extant orders and their common ancestry. Based
almost solely on the number of digits, a large portion of mod-
ern ungulates can be placed in two morphological groups: the
even-toed Artiodactyla (e.g., sheep and deer) and the odd-
toed Perissodactyla (e.g., horse and rhinoceros). Although
even-toed and odd-toed ungulates are about as closely related
as are the rodents and primates, both ungulate orders most
probably arose from within the Condylarthra. Artiodactyla
were previously considered to have evolved from the mesony-
chids, which were themselves thought to be derived from the
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Antlers are exposed bony outgrowths, while horns have a covering over their bony core. (lllustration by Jarrod Erdody)

raccoon-like arctocyonids. Artiodactyls are now considered to
have arisen from an arctocyonid ancestor, and though the
most successful and numerous of the living ungulates, this or-
der is also probably one of the most “primitive” in terms of
its origins. The arctocyonids are some of the oldest of the
condylarths that first appeared in the fossil record of the late
Upper Cretaceous, and eventually dispersed throughout
North America and Eurasia. These primitive mammals were
probably omnivores based on their teeth structure which re-
sembled that of modern-day bears. The Perissodactyla are
generally thought to have evolved from the Phenacodontidae.
These were early condylarths ranging in size from modern
foxes to tapirs, probably with claws on their terminal phal-
langes and dental adaptations towards herbivory, but other-
wise showing typically primitive mammalian characteristics.
The earliest phenacodontid considered leading to the peris-
sodactyl lineage was Tetraclaenodon. This fox-sized mammal
appeared in middle Paleocene and gave rise to three main
groups, one of which is presumed to be a proto-perissodactyl.
However, so far, fossil intermediates have not been found be-
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tween Tetracluenodon and what Leonard Radinsky considers
to the earliest known primitive perissodactyl, Hyracotherium
of the early Eocene.

The earliest ancestors of ungulates are poorly represented
in Paleocene strata. The generally accepted picture is that an-
cestral ungulates evolved from a group of primitive, small-
bodied mammals belonging to the order Condylarthra, the
most primitive of which was probably Protungulatum. Condy-
larths themselves first appeared in the late Cretaceous but are
one of the most characteristic groups of mammals of the Pa-
leocene. Unlike earlier insectivorous mammals, most condy-
larths were probably omnivorous having bunodont cheek
teeth suitable for crushing and grinding, differentiated ca-
nines, and elongated skulls. The name “condylarth” was orig-
inally given to the earliest fossil herbivores considered
ancestral to ungulates by the American paleontologist E. D.
Cope (1840-1897). Later it came to encompass a wide array
of ancient mammals, leading some paleontologists to ques-
tion the order’s validity. It contains a diverse, paraphyletic as-
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A moose (Alces alces) cow feeds on a pond’s bottom in the evening.
(Photo by YVA Momatiuk & John Eastcott/Photo Researchers, Inc. Re-
produced by permission.)

semblage even amongst extant taxa, including the ancestors
of artiodactyls, perissodactyls, cetaceans, sirenians, probos-
cideans, and hyraxes.

Later in the Paleocene, the Paenungulata, also called prim-
itive or sub-ungulates, diverged from the Condylarthra. Ex-
cept for the embrithopods and desmostylians, the other three
orders within this superorder persist to this day, forming an
interesting and diverse grouping; the aquatic Sirenia (dugong,
sea cow and manatees), the Proboscidea (elephants), and the
Hyracoidea (hyraxes or dassies). The relationship of cetaceans
(whales) within the ungulates is somewhat controversial. Un-
til the application of molecular techniques, morphological and
fossil evidence suggested that whales had probably evolved
from the mesonychids, an offshoot of the condylarthran arc-
tocyonids considered to have given rise also to the early
ungulates. In 2000, the discovery of early fossil whales in
Eocene deposits from Pakistan, show that they had a double-
pulley astragalus (anklebone) suggesting that cetaceans were
closely related to the artiodactyls. Molecular evidence also
pointed to the cetaceans being most closely related to the pre-
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decessor of the modern hippopotamus. This has led some to
suggest that cetaceans should be included in the Artiodactyla
and the name changed to the Cetartiodactyla. However, the
earliest fossil hippos do not appear until much later than these
early cetaceans, and computer analyses using morphological
data from living and fossil forms also cast doubt on the hippo-
whale connection. No matter whether morphological or mol-
ecular analyses are used, whales are still most closely related
to artiodactyls and belong in the Ungulata.

Besides providing the ancestors of the modern ungulates,
paenungulates and cetaceans, the Condylarthra also prob-
ably gave rise to several other ungulate groups including
the tillodonts, litopterns, notoungulates, tubulidents and as-
trapotherians. The Tillodontia is an order with uncertain
affinities that is found in deposits from Asia, Europe and
North America. It probably evolved from the condylarths and
its members had a pair of enlarged rodent-like incisors. The
condylarths also gave rise to three orders that were restricted
almost entirely to South America. The Litopterna, ecologi-
cally and morphologically reminiscent of modern camels and
horses, had a mesaxonic limb with the weight borne by the
third digit. This order included two major families: the pro-
terotherids which evolved one- and three-toed species, illus-
trating another case of parallel evolution this time with the
equids; and the macrauchenids, which also showed a reduc-
tion to three toes, and in some later species, the suggestions
of an elongated, trunk-like upper lip that would have been
used for feeding. A second order was the diverse Notoungu-
lata, containing some of the oldest South American mammals.
Notoungulates evolved a great diversity of species and form
from small, rabbit-sized creatures to the giant rhinoceros-like
toxodonts. This was a long-lasting order that spanned into
the Pleistocene until artiodactyls, perissodactyls and pro-
boscideans migrated into South America and out-competed
the resident notoungulates. The third South American order
of primitive ungulates was the Astrapotheria represented by
the rhinoceros-sized Astrapotherium, which lived in the

A male Thomson’s gazelle (Gazella thomsonii) drinking. (Photo by
Leonard Lee Rue lll. Bruce Coleman, Inc. Reproduced by permission.)
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Mountain goats (Oreamnos americanus) on the slopes near the
Athabasca River in Jasper National Park, Canada. (Photo by Animals
Animals ©Victoria Mc Cormick. Reproduced by permission.)

Miocene, and based on cranial anatomy, most probably had
a trunk.

The last two groups, Notoungulata and Astrapotheria, are
in many ways so unlike the other early ungulates that they
were not always classed with them. Although its origins are
unknown, the order Tubulidentata (aardvarks) is included
within the primitive ungulates based on various anatomical
features. At one time, its specialized food habits, enamel-free
teeth, tubular skull and long tongue, led taxonomists to class
aardvarks together with the New World edentates (anteaters),
but this was not supported by other key anatomical features.
Much of their specialized morphology for termite feeding had
been acquired by the Miocene. Besides the Tubulidentata, a
second order, the Periptychoidea, differed significantly from
other primitive ungulates in their dentition, brain morphol-
ogy, and structure of the limbs. They sometimes were classed
with pantodonts. Although some members resembled tubuli-
dentates, the periptychoids were herbivores, lacking the char-
acteristic skull and teeth of the termite-eating aardvark. In
North America, they were the dominant condylarths in the
early Paleocene ranging in size from rat- to sheep-sized forms.

The generally accepted interpretation of the phylogenetic
relationships of ungulates described above was based on mor-
phological evidence provided by fossil remains. This is now
being challenged by new evidence based on genetic distances,
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which present a quite different view of mammalian phylogeny.
Genetic data suggest that there are four superorders of
mammals, Afrotheria, Xenarthra, Eurarchintoglires, and
Laurasiatheria. The Sirenia, elephants, hyraxes and aardvarks
are separated from the rest of the ungulates and placed into
the Afrotheria, while all other modern ungulates would be
placed in the superorder Laurasiatheria.

The evolutionary history of the ungulates has taken place
against a backdrop of major climatic and environmental
changes. These changes and their effects on plant life and
habitats have driven the evolution of ungulates and other
mammals. Starting in late Cretaceous and early Paleocene
when primitive mammals considered ancestors of ungulates
appeared, the world’s temperature began increasing with only
a slight cooling phase around 58 million years ago (mya) to-
wards the end of the Paleocene. The warming trend contin-
ued, with mean annual temperatures reaching a maximum
about 50 mya between the early and middle Eocene. After
this, temperatures declined, at first steadily but around 35 mil-
lion years ago, they dropped dramatically at the Eocene-
Oligocene boundary. This was probably the result of major
changes in the patterns of oceanic circulation, brought about
by continental drift that had separated Greenland from Nor-
way, and Australia from Antarctica. As vertebrate paleontol-
ogist Professor Christine Janis described, it was a “transition
from the Mesozoic ‘hothouse’ world to the ‘ice house’ world”
of the Neogene (Miocene and Pliocene). A much slower
warming of global temperatures followed, peaking in the late
Middle Miocene, but at a temperature only about half that of

Guanacos (Lama guanicoe) can run at speeds of up to 35 mph (56
kph). (Photo by Hans Reinhard. Bruce Coleman, Inc. Reproduced by
permission.)
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A giraffe (Giraffa camelopardalis) with its young. (Photo by St. Myers/OKAPIA/Photo Researchers, Inc. Reproduced by permission.)

the Eocene maxima. Thereafter, global temperatures once
again began to cool, and from the Pliocene to present they
have continued to fluctuate, but with a significantly lower am-
plitude and with lower maxima than in the previous epochs.
Such fluctuations exerted changes to terrestrial plant com-
munities and acted as selective pressures upon the ungulates
that exploited those communities in terms of adaptations of
their teeth and digestive systems to cope with the problems
of eating plants.

In the northern continents, the Middle Paleocene saw the
appearance of small herbivorous condylarths (phenacodon-
tids, meniscotheriids), and also larger herbivores such as the
pantodonts (including Barylamda estimated to weigh over
1,323 Ib or 600 kg). Even larger were the rhinoceros-like and
possibly semi-aquatic uintatheres, of which Uintatherium was
estimated to weigh as much as 9,900 1b (4,500 kg). Condy-
larths, pantodonts, and uintatheres were present in both Asia
and North America, while Tillodonts migrated into North
America from Asia in the late Paleocene. In South America,
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the Paleocene ungulate fauna included small condylarths, the
dilododontids, rhinoceros-like astrapotheres, xenungulates,
litopterns, and notoungulates. By the middle Paleocene, new
ungulates had appeared, some with mesodont cheek teeth, and
by the late Paleocene, early South America ungulates had
evolved cheek teeth that showed dental adaptations to a more
fibrous diet, indicating a probable shift to more temperate,
open forested habitats as the world climate became warmer.
At this time, palacanodonts, uintatheres and arctostylopids
(hyrax-like notoungulates), might have dispersed from South
to North America.

The warming trend continued from the Paleocene into the
beginning of Eocene, and faunas indicate generally tropical
habitats in the north. Conditions appeared to shift towards
drier environments than in the Paleocene, creating more di-
verse understory habitats in which browsing ungulates could
flourish. The first artiodactyls and perissodactyls appear rel-
atively abruptly in fossil record at the beginning of the Eocene
in strata from Asia, Europe, and North America. This is a ma-
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A male steenbok (Raphicerus campestris). (Photo by Jen & Des
Bartlett. Bruce Coleman, Inc. Reproduced by permission.)

jor mystery in mammalian evolutionary history. It is specu-
lated that that their “sudden” appearance in Holarctic strata
might have been because they originated elsewhere, such as
in Africa, Central or South America, or India, and that the
disappearance of physical barriers or the warming climate in
the early Eocene allowed them to disperse. A significant fau-
nal exchange did take place between North America and Eu-
rope starting in the early Eocene and continuing until the
middle Eocene, but no evidence has yet been found for any
faunal interchange with South America during the Eocene.
In South America at this time, ungulates and condylarths be-
came rare and xenungulates disappeared, while small to
medium-sized litopterns and notoungulates and larger as-
trapotheres and pyrotheres all diversified.

Ungulates with browsing and frugivorous feeding habits
also appeared, and became established by the late Eocene. At
this time in North America, there was an increase in ungu-
lates with cursorial adaptations and hypsodont cheek teeth
with high crowns and short roots. Similarly in South Amer-
ica, a change to more fibrous vegetation is suggested by no-
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toungulate cheek teeth because they show a greater degree of
hypsodonty.

Towards the end of the Eocene, major extinctions occurred
within the North American fauna, almost certainly the result
of the climate change that brought about a pronounced sea-
sonality in plant production, and hence in food supply. Many
archaic ungulate groups were lost including condylarths, uin-
tatheres, and protoungulates such as tillodonts, as well as some
artiodactyls and perissodactyls. Body size increased in surviv-
ing ungulates, and the chewing surface of their cheek teeth
became more complex, both probably reflecting a diet that
was more fibrous, hard to digest, and less nutritious. This was
the time when the artiodactyls began to flourish and diver-
sify with the establishment of three major lineages: suines, ty-
lopods, and ruminants. However, the perissodactyls still
dominated despite having generally declined through the late
Eocene in both diversity and abundance. In Europe, the im-
pacts of climate change were not expressed until into the
Oligocene, but when the climate change occurred, it too was
accompanied by significant faunal extinctions. Asia, on the
other hand, seemed to miss the Eocene-Oligocene extinctions
and archaic forms such as condylarths, along with the more
advanced pantodonts, brontotheres and tapiroids, which lin-
gered until the mid-Oligocene.

The Oligocene was drier and cooler than the preceding
Paleocene and Eocene epochs, especially in North America.
The extent of tropical forests was restricted and large areas
of open habitats had yet to develop, while in the northern lat-
itudes, the broad-leaved deciduous forests in the polar region
were replaced with temperate broad-leaved deciduous wood-
lands. Conditions were relatively stable through much of the
Oligocene, although there was a gradual shift towards more
seasonal vegetation types. This probably accounts for the re-
placement of many Eocene perissodactyl herbivores by foliv-
orous artiodactyls (eating mainly leaves), which might have
been able to feed more selectively. The most common artio-
dactyls were goat-sized browsers resembling modern capy-
baras. Hippo- and equid-like rhinocerotoids were found
throughout Asia, Europe and North America, while true rhi-
nos were small to medium-sized, either lacking horns or hav-
ing horns with bony cores unlike extant species. Llama-sized
camels and browsing, pony-sized equids were common in
North America. Other early ungulates included anthra-
cotheres and small, hornless pecoran ruminants in Eurasia,
and oreodonts in North America. Most Oligiocene ungulates
with their shorter limbs were not as well-adapted to cursor-
ial locomotion than are modern forms. It was not until about
26 mya at the beginning of the Late Oligocene, that a second
period of mammalian extinctions began. For the ungulates,
this was marked mainly by the disappearance of Eocene forms
including archaic rhinocerotoids, and anthracotheres in
North America and paleotheres and tylopod artiodactyls in
Europe.

The Miocene climate became much drier and warmer.
Subtropical and tropical forest zones expanded once more,
and a dry thorn-scrub developed on the western edges of the
continents. In general, mammalian faunas were somewhat
comparable to modern-day savanna-woodlands. Lowered sea-
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levels towards the end of the Early Miocene, allowed faunal
exchanges between North America and Eurasia and between
Africa and Eurasia. Ungulate migrations included browsing
horses from North America to Eurasia, cervoid percoran ru-
minants and rhinos from the New to the Old World, and pro-
boscidians from Africa to Europe. Bovids, cervids, giraffids,
and giraffe-like palacomerycids appeared in the early Miocene
of Europe. These relatively large animals, which replaced the
earlier, smaller ruminant forms, were notable for the diver-
sity of their species-specific horns or antlers. Suids diversified
at this time to include browser-types with tapir-like incisors.
While the traguloid ruminants declined, other artiodactyls be-
came more diverse by the middle Miocene and the bovids de-
veloped hypsodont cheek teeth. Size also increased, especially
in the bovids and giraffids. In North America, camel diver-
sity increased and the earliest equine Merychippus appeared,
both groups later developing hypsodont dentition. Later in
the Miocene of North America, the antilocaprids diversified
as did the deer-like dromomerycids. Although there was a
trend to more open grassland savannas in North America dur-
ing the Miocene, sufficient productive woodlands remained
for browsing peccaries and tapirs to survive. In South Amer-
ica, woodlands gave way to more open habitats as indicated
by the trend towards increased hypsodonty (high-crowned
teeth), which characterized Miocene herbivores on this con-
tinent. Litopterns adapted to these open habitats evolving
single-toed forms, and although the notoungulates showed
similar dental adaptations, their diversity declined during this
epoch. In mid-Miocene Africa, woodland ungulates diversified
including rhinos, bovids, giraffoids, suids, and traguloids.

The steady cooling trend and further drying in the late
Miocene was accompanied by an expansion of savannas and
a decrease in mammalian faunal diversity. Grasses had been
gradually spreading since their appearance in the Eocene, but
open savannas were probably not extensive until the Late
Miocene, which was about the time that C, grasses (photo-
synthesis takes place in chloroplasts) are first recorded. While
C, grasses were taking over from C; grasses (photosynthesis
occurs within the mesophyll) in Asia, the dominance of C,
grasses in temperate regions occurred later in the Pliocene.
True grasslands did not appear until much later, probably in
the Pleistocene, but savanna grasslands were extensive in
North and South America. The development of Late Miocene
open savanna-like habitats in Eurasia was accompanied by
hipparionid horses developing hypsodont dentition and three-
toed feet, and by hypsodont bovids. Interestingly, however,
the hypsodont dentition was not indicative of predominantly
grazing diets. Examination of the micro-wear patterns on the
teeth of these and other herbivorous ungulates suggest that
feeding habits were predominantly mixed grazing-browsing.
Presumably the habitat was of an open wooded savanna-type,
rather than being primarily grassland. The rise of C, grasses
and the increasing aridity of habitats are suspected to be a
main selective force towards full hypsodonty. C, grasses con-
tain up to three times as much silica as do C; species and
hence teeth of animals feeding on them will wear down more
quickly. In Africa around this time, more modern forms of
bovids giraffes and hippos evolved, while North American
hipparionid horses entered the continent via Asia and Europe.
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Oryx (Oryx gazella) calf and nursing mother in Samburu, Kenya. (Photo
by K & K Ammann. Bruce Coleman, Inc. Reproduced by permission.)

The close of the Miocene was accompanied by major ex-
tinctions, especially of savanna-dwelling mammalian fauna,
across Eurasia and North America in association with colder
climates and habitat changes. Tundra and taiga ecosystems
developed in the northern latitudes, and extensive dry grass-
lands to the south, and by the beginning of the Pliocene an
ice cap may have existed in the Arctic. Global temperatures
had begun to rise before the beginning of the Pliocene and
continued until about 2.5 mya in the Late Pliocene, leading
to the development of desert and semi-desert habitats. Mod-
ern Equus took the place of hipparionid horses in Eurasia, and
along with camels, both originating in North America, en-
tered Africa around 2.5 mya.

Around the beinning of the Pliocene, 3 to 2.5 mya, conti-
nental processes and possibly a lowering of the sea level cre-
ated the Panamanian land bridge between North and South
America. Animals were once more able to move between the
two continents that had been separated for over 100 million
years. What followed is referred to by paleontologists as the
“Great American Interchange.” These faunal exchanges of
large mammals, which peaked in the middle Pleistocene, in-
volved equids, tapirs, peccaries, llamas, and deer moving from
North to South America along with gompotheres (related to
elephants) and some large carnivores. Of the South American
ungulates only a few notoungulates moved north, although
two other large herbivores, glyptodonts and giant ground
sloths, also entered North America. Among the ungulates that
emigrated to South America, the equids eventually became
extinct, as they did in North America, although these peris-
sodactyls did survive in Africa and Eurasia.

By the end of the Pliocene global temperatures were drop-
ping, and the following Pleistocene was a time of alternating
glacial and interglacial periods repeated on a roughly 41,000-
year cycle. Apart from Antarctica, most of the ice accumula-
tion on land was in the northern hemisphere especially in
North America. As this ice formed huge glaciers and ice caps,
sea level fell and a land bridge formed once more between
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Takin (Budorcas taxicolor) family group in Bhutan. (Photo by Harald
Schitz. Reproduced by permission.)

Eurasia and North America. The interchange between Eura-
sia and North America was not symmetrical, with more species
moving into the New World than moved in the other direc-
tion. Bovids such as bison, mountain sheep and mountain
goats, mammoth along with other mammals such as wolves
and cave lions, migrated across the Bering land bridge from
Siberia into Alaska, and when the ice masses retreated, made
their way south into the rest of the continent. Humans also
entered North America around this time over the land bridge
and perhaps also down the west coast of the continent. Mod-
ern horses and camels were the two ungulates that moved to
the Old World and survived to the present day.

Towards the end of the Pleistocene, many species of large
mammals became extinct, including many large herbivores.
Eurasia lost mammoths and the woolly rhinoceros; North
America lost mammoths, all but one member of the Antilo-
capridae, woodland musk ox, horses, and camels; and North
and South America lost ground sloths, mastodons and
glyptodonts. In South America, the litopterns—the last of the
indigenous ungulates on this continent—finally vanished.
Other species of mammals besides ungulates disappeared, and
in North America, a total of between 35 and 40 large mam-
mal species vanished between 12,000 and 9,000 years ago.
Three main hypotheses have been proposed to explain these
megafaunal extinctions: climate, overkill by humans, and dis-
ease (epizootic). Each has supporting evidence and some sci-
entists suspect that the extinctions might have resulted from
a combination, at least of the first two factors. Certainly cli-
mate change and the appearance of humans in North Amer-
ica, coincide with extinctions of large mammals.

Physical characteristics

The largest land mammal that has ever existed was an un-
gulate, Paraceratherium Indricotherium transouralicum. This
was a Perissodactyl that belonged to the rhinoceros family
and it roamed central Asia about 35 mya during the late
Eocene. Although not as big as the largest dinosaurs, Parac-
eratherium stood over 15 ft (5 m) at the shoulder with a skull
4 ft (1.3 m) in length. It could probably browse tall vegeta-
tion to a height of 25 ft (8 m). Paraceratherium was estimated
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to have weighed about 20 tons (18 tonnes), or about four times
heavier than the largest weight recorded for modern African
elephants. This feature of relatively large body size extends
to modern ungulates although some species are small. Weigh-
ing around 1.6 tons (1.5 tonnes), the hippopotamus is the
heaviest of the living ungulates, while the smallest are the
mouse deer or chevrotains (Tragulidae), which can weigh less
than 2 Ib (1 kg). The tallest living mammal, the giraffe, which
stands almost 19 ft (6 m) tall, is also an ungulate. Living peris-
sodactyls are all large animals from 440 to 7,700 Ib (200-3,500
kg). The largest artiodactyls are heavier and their weights span
a greater range, from 2 to 10,000 Ib (less than 1 kg to about
5,000 kg).

As stated earlier, hooves surrounding the terminal toe
bones or phalanges of their feet, are unique at least to mod-
ern ungulates. The hooves are composed of a hard protein
material called keratin that creates a tough outer sheath pro-
tecting the terminal toe bones. Immediately under the hoof
is the softer sub-unguis, and behind this is the pad. The hard
outer sheath is technically the unguis and derives its name
from the Latin u#ngula for claw or nail. The word “ungulate,”
the alternative name for hoofed mammals, also originates
from the Latin word #nguls, meaning hoof. Hooves are mod-
ified claws or nails found in most other groups of mammals.

Besides their feet, other characteristic adaptations of un-
gulates include their limbs, eyes, digestive systems, and teeth.
They also show a wide diversity of weapons and head orna-
mentation such as tusks, horns, and antlers, although amongst
the modern perissodactyls, only the various species of horned
rhinoceroses have such specialized weapons. All of these mor-
phological adaptations evolved to help ungulates avoid preda-
tors, gather and process food, and to interact with other
members of their species for survival and reproduction.

Two of the biggest challenges facing ungulates are to avoid
being killed by predators and to extract sufficient nutrients
from the plants they eat. Ungulates are the main prey of large
mammalian predators, and the resulting intense and constant
selection pressure has led to several adaptations that help un-
gulates reduce the risk of being killed by a predator. The po-
sition and structure of their eyes are adapted for predator
detection, their pelage and other features can make them more
difficult to detect by predators, and finally, their limbs are
adapted for running fast which helps them escape from preda-
tors.

Disruptive or camouflaged coats that help hide from preda-
tors are common in forest-dwelling ungulate species. Coat
color can blend with the surroundings, while disruptive color
patterns such as light stripes against a dark background, help
break up body form in the dappled light of the tropical
forest or savanna bushlands; both make detecting potential
prey more difficult. Disruptive striping is seen in many trage-
laphins such as the bongo (Tragelaphus eurycerus), and in the
tiny forest-dwelling chevrotains (Tragulidae). Small size can
also make it easier to hide and some species, such as duikers
(Cephalophinae), literally dive into dense vegetation to hide
from predators. This behavior has given rise to their com-
mon name which, is derived from the Dutch word for diver.
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It is more difficult for large species, especially those living
in open habitats, to hide. Instead, they rely primarily on vi-
sion to detect predators well in advance, and then on speed to
outrun them. Ungulate vision is adapted for detecting move-
ment over a wide field of view. The basic anatomy of their eye
is similar to that of other mammals, but in the ungulate there
is no central focusing spot or fovea, which allows discrimina-
tion of fine details. Also, the ungulate pupil is elliptical rather
than round, and oriented horizontally, while the eyes are lo-
cated on the sides, rather than on the front of the head. Eyes
in this position, together with elliptical pupils, give most un-
gulates a field of view over 200°, and some can probably see
almost as well behind as in front or to the side. So while un-
gulates might not easily distinguish fine details, they readily
detect movements almost anywhere around them and so have
a good chance of detecting approaching predators. Whether
ungulates have color vision is uncertain, but based on the in-
ternal structure of their eye, they probably can distinguish
some colors, but not as well as do humans, for example. It is
also suggested that in some forms, the elongated skull (espe-
cially the muzzle region) not only aids with feeding, but at the
same time allows an ungulate to keep its eyes above the veg-
etation and wary for predators. Extreme examples of elongated
skulls and high placement of the eyes is seen in the hartebeests
(Beatragus, Damaliscus, Alcelapbus) of Africa.

Very few species of ungulates are large enough, compared
to their common predators, to be able to defend themselves
physically. This is especially true if the predator normally at-
tacks as a group. African buffalo, a large-bodied species with
heavy horns, will sometimes cooperatively defend themselves
against a predator such as a lion. Similarly, musk oxen will
form a defensive ring against a wolf pack, shielding the young
calves between their bodies. Defense, however, is the least
common anti-predator strategy used by ungulates.

Instead of defense, most ungulates flee from their preda-
tors. Their limbs are adapted to allow them to run fast. The
evolution of ungulate limbs is one of a gradual change to-
wards longer, lighter limbs, with smaller, lighter feet, and spe-
cialized limb joints. Long limb bones provide an obvious
advantage for speed because they provide a longer lever ac-
tion, and thus longer stride length. The greatest increase in
leg length came through elongation of the metapodials, the
bones between the wrist/ankle and the fingers/toes. Lighter
limbs also help improve speed because they require less ef-
fort to overcome the inertia of locomotion. Lightness results
from musculature in the lower extremities being replaced with
tendons and ligaments, and by smaller feet resulting from a
decrease or loss of the lateral toes. Although the rhinoceros
and hippopotamus do not show the extreme limb adaptations
common in other modern ungulates, their limbs still illustrate
the same basic patterns and they are capable of surprising
speed.

Ancestral ungulates had the basic vertebrate plan of five
digits, but during their evolution between one and four outer
toes were lost, and often the outer metapodial bones were also
lost or reduced in size. The number of functional toes re-
maining is key to whether the ungulate is classified as peris-
sodactyl or as artiodactyl. Artiodactyls have lost the first toe
and three metapodials. What remains are the two central
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Lone red hartebeest (Alcelaphus buselaphus) pronking to attract the
attention of a nearby herd of springboks (Antidorcas marsupialis) in
Kalahari Gemsbok Park, South Africa. (Photo by Animals Animals
©Francois Savigny. Reproduced by permission.)

metapodials fused into a single unit, two functioning toes (the
third and fourth), and two greatly reduced outer toes (the sec-
ond and fifth) called lateral hooves or dew claws. All the toes
including the dew claws are covered by hooves. A similar re-
duction in the number of toe bones occurred in perissodactyls,
with the most extreme found in the modern horses. Zebras,
asses, and horses have only the third metapodial, the cannon
bone, and the associated single toe has been retained, though
vestigial metapodials or splint bones may persist. In rhinos,
the number of toes has been reduced to three. The result of
all these reductions in the number of toes is that most mod-
ern ungulates walk with their weight on their hooves or tips
of their toes. This type of gait is referred as unguligrade, and
it helps the animal to move quickly over hard ground. This
contrasts with plantigrade found in bears and humans which
walk on the soles of their feet, and digigrade found in cats
and dogs and many other species where the weight of the
body is taken by the entire digits not just by the tips. The
very heavy-bodied ungulates which rely less on speed, such as
the rhinoceros and hippopotamus, have feet that are rather
short and wide, with splayed digits that are needed to support
their mass.
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Increased speed and efficiency for cursorial locomotion
have also been achieved through adaptations of the limb
joints, and the way that they attach to the vertebral column.
Many ungulate limb joints restrict movement to a strong
and efficient forward-backward movement, which means that
power is transferred more effectively to forward movement.
For example, the ungulate astragalus is grooved, on the dis-
tal end in perissodactyls and at both ends in artiodactyls, to
minimize lateral movement of the ankle joint during articu-
lation.

The ungulate hind legs are firmly attached to the sacral
section of the vertebral column via a strong ball-and-socket
joint between the femur and the pelvis. In this way, the force
of the limb motion is transferred directly to the body through
the backbone, propelling the animal forward with each pow-
erful stroke of the hind limbs. The front limbs in ungulates
are not firmly attached to the rest of the skeleton. As in most
cursorial mammals, the last upper bone of the forelimb, the
scapula or shoulder blade, is not attached to the backbone,
but s attached only by muscles to the upper thorax. This cush-
ions the running animal when its forelimbs hit the ground.
Additionally, flexibility is gained because ungulates, and other
cursorial mammals, have lost the clavicle or collar-bone. Its
absence allows the shoulder blade to move relatively freely
when the forelimbs swing forward, increasing stride length
and thus speed.

Besides evading and outrunning predators, ungulates also
have to acquire energy and because most are herbivores, this
energy must be extracted from plants. Plants are difficult to
digest, and to help maximize the nutritional value of their
food, ungulates not only have specialized teeth to crop and
chew plants, but also unique digestive systems. In some
species, even their body shape helps them feed more effec-
tively (e.g., giraffes and gerenuks). Last, ungulates are gener-
ally social species forming small groups to large herds that
lead to a range of communication systems, mating strategies,

and fighting styles.

At a broad evolutionary level, herbivores can choose one
of two approaches: they can feed on low-quality but abundant
forage, or they can feed on high-quality but uncommon for-
age. These different approaches to the exploitation of plants
have morphological consequences that affect feeding effi-
ciency and thus energy acquisition. High-quality forage is typ-
ically sparse, hence many ungulates depend heavily on grasses
and shrubs, which are usually abundant but generally low in
nutritional quality. To help them gather sufficient quantities
of food, the largest species have wide mouths and spatulate
cropping incisors, allowing them to take large bunches of for-
age into their mouths. Many smaller species have narrower
mouths that permit them to feed more selectively on the low-
abundance but high-quality forage.

Ungulates, like most mammals, have heterodont dentition:
incisors, canines, premolars, and molars. Except for the Suidae
and Tayassuidae, which have less specialized teeth, most un-
gulates have highly specialized dentition that reflects their
wholly herbivorous diet. To meet their energy requirements,
these obligate herbivores must eat a lot of vegetation relative
to their body size. Large browsing and grazing species such
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as the giraffe or bison use their tongue, wrapping it around a
clump of vegetation to pull it into their mouth. Grazing Peris-
sodactyls such as the Equids have retained the upper incisors
and use these with the lower ones to crop grasses close to the
ground. By contrast, grazing Artiodactyls lack upper incisors
and instead grasp the food between their modified spatulate
lower incisors and their hardened upper palate, and by jerk-
ing their mouth upward tear off a mouthful of forage. Browsers
generally have narrower muzzles and incisor tooth rows than
do grazing species. The former’s narrow muzzle allows them
to select the more nutritious parts of plants such as leaves and
tips of twigs.

In most ungulates, there is a characteristic space between
the lower canines and the first of the premolars, called the di-
astema. This might aid browsers to strip off leaves or simply
be a result of an elongated jaw that evolved to allow greater
feeding selectivity, and perhaps helps keep their eyes above
the vegetation while feeding so they can watch for predators.

Besides the muzzle and incisors, the cheek teeth of her-
bivorous ungulates also show diet-related adaptations. Plants
not only need to be chewed into small pieces to help diges-
tion, but some plants such as grasses are highly abrasive. The
crown of a mammalian tooth is covered in a layer of enamel,
which is the hardest and most wear-resistant part of the tooth.
The cheek teeth, or premolars and molars, are used for chew-
ing, and these teeth show the greatest specialization. The mo-
lars of Suidae and Tayassuidae have bunodont teeth in which
the crown consists of low conical cusps covered by a layer of
enamel. These teeth are suited to masticating their diverse
and generally softer, less abrasive foods. In the obligate her-
bivorous ungulates, however, the crown enamel of the cheek
teeth is highly modified and formed into lateral or vertical
folds. The tips of these enamel folds wear off quickly, creat-
ing several hard cutting edges juxtaposed to layers of softer
dentine. Differential wear allows these self-maintaining ridges
of enamel to create a rough surface that helps grind plants
into small pieces. When the grinding surface is examined, two
general enamel patterns are seen in the herbivorous ungu-
lates: the selenodont or crescent-shaped pattern, and the
lophodont or convoluted pattern. The selenodont pattern is
found in artiodactyls but not in modern perissodactyls. The
lophodont pattern, though typical of modern perissodactyls,
is also found in premolars of some artiodactyls.

Tooth wear, especially in herbivores, is a major determinant
of an animal’s life span. Abrasive foods naturally wear teeth
more quickly, thus potentially shortening the time that cheek
teeth function to grind vegetation. Browsers (e.g., moose)
consume mainly leaves, twigs, fruits, buds, and young shoots
of woody plants—all foods that are much softer than tooth
enamel. Species with these food habits have brachydont or
low-crowned teeth, with selenodont or lophodont enamel pat-
terns. Grazers (e.g., gnu), on the other hand, eat primarily
grasses and forbs, and most grasses have phytoliths in their
epidermal cells. These phytoliths are comprised of silica that
abrade even the hard tooth enamel. This abrasion problem is
compounded for ungulate species living in relatively dry ar-
eas, because plants growing there are invariably coated with
a fine layer of silica dust that further abrades the teeth.
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Grazers have evolved two main adaptations to resist tooth
wear. First, the diameter of the premolars and molars is en-
larged, increasing the grinding surface so that the tooth takes
longer to wear away. Second, in the most highly specialized
grazers, the molars and sometimes premolars are hypsodont
or high-crowned, having tall crowns and short roots, so again
these teeth take longer to wear away, thus extending the life
of the animal.

Feeding ecology

Pigs and peccaries are not obligate herbivores and eat foods
other than plants. Although they mainly eat vegetation, they
consume everything from roots, bulbs, and fruits to bird’s eggs
and insects. Of greater relevance to the evolution and radia-
tion of ungulates are the specializations in the exploitation of
plants. All other artiodactyls and perissodactyls feed almost
exclusively on plants, although the types of plants eaten vary
greatly. These obligate herbivores can be divided into either
grazers, browsers, or mixed grazer-browsers.

The leaves and twigs of plants contain a great deal of po-
tential energy, but they are difficult to digest because their
cell walls contain cellulose and sometimes lignin. This energy
is not directly accessible because no ungulate (nor any other
mammal) has enzymes that can digest these two constituents.
Ungulates evolved adaptations to overcome this problem by
using microorganisms and fermentation to digest cellulose
and some lignins. The mainly bacterial microorganisms pro-
duce the enzyme cellulase that breaks down cellulose, while
the fermentation process continues the breakdown of cellu-
lose into simpler compounds called volatile fatty acids. The
main fatty acids, acetic and propionic acid, are absorbed di-
rectly into blood vessels in the gut wall, transported to the
liver, and metabolized as the ungulate’s primary energy
source.

Artiodactyl and perissodactyl ungulates evolved distinctly
different strategies for where this symbiotic microbial fer-
mentation occurs in their digestive systems. In artiodactyls, it
takes place at the front of the digestive system, referred to as
fore-gut fermentation. Depending on species, there are be-
tween one and three chambers or false stomachs located be-
fore the true stomach. In the first of these, in the fore-stomach
or rumen, the microbes ferment ingested plants. The most
successful of the artiodactyls have evolved an added adapta-
tion: regurgitating food (cud) to rechew it into smaller food
particles, thus increasing the surface area on which digestion
by microorganisms can occur.

In perissodactyls, microbial fermentation does not occur
until the food has passed through the stomach, along the small
intestine, and has reached the enlarged cecum located towards
the end of the digestive system. Not surprisingly, this ap-
proach is referred to as hind-gut fermentation. Perissodactyls
only chew their food once, and have a single stomach where
digestive enzymes are released. Food is further digested in the
intestines where proteins are broken down to amino acids,
and sugars and carbohydrates to glucose, before being ab-
sorbed. The remaining undigested food reaches the cecum
and there itis further digested by bacterial fermentation which
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Bongos (Boocercus euryceros) have distinctive white spots on the
sides of their faces. (Photo by David M. Maylen Ill. Reproduced by
permission.)

breaks down cellulose and other plants components into
volatile fatty acids. As in the ruminant, these microbial by-
products are then absorbed and used for energy.

These two fermentation systems differ in their relative
benefits and costs. There are at least two and possibly three
significant benefits enjoyed by the ruminant artiodactyls. First
and probably most important is the ability to regurgitate and
rechew food. This increases digestive efficiency simply be-
cause it more effectively breaks the consumed plant material
into very small particles, increasing the surface area on which
microbes can operate and thus facilitating digestion. A sec-
ond benefit comes from having the fermentation occur at the
beginning of the digestive system. It means that the ruminant
can obtain a valuable protein source by digesting the mi-
croorganisms themselves when they are transported out of the
rumen with the digestia. Artiodactyls with greatly enlarged
fore-stomachs gain a third benefit: they can harvest a large
amount of food and then move to safer areas to digest it. The
main cost of the fore-gut fermentor system occurs when food
is of low quality. Rumen fermentation is slowed when low-
quality food is ingested because crude protein in the diet lim-
its microbe population growth and thus microbial digestion
is impeded. This slower fermentation diminishes the amount
of energy available to the ruminant. The ruminant is faced
with being more selective in its feeding. In constrast, the hind-
gut fermentors, such as some perissodactyls (e.g., modern
horses), are able to increase the rate that food passes through
their gut, so they extract only the most readily digestible frac-
tion of the food and excrete the undigestible material. As a
result, although they must feed almost continuously, they can
be much less selective in what they eat. This allows horses
to survive on poorer-quality food than artiodactyls are able
to do.

Body size and feeding strategy

To survive, any animal must balance its energy budget by
meeting its energy requirements through food intake and by
limiting energy losses or expenditures. There are three prin-
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cipal constraints to meeting energy requirements through
food intake: 1) the quality of available food, 2) the animal’s
metabolic requirements, and 3) the animal’s physical capac-
ity to eat (primarily regulated by its mouth size and stomach

capacity).

The energy requirements of any mammal are approxi-
mately proportional to its body weight to the power 0.75
(W97), and are closely linked to heat transfer and hence to
surface area of the body. This general relationship has been
shown to hold for comparisons among species, but not nec-
essarily within species (e.g., between sexes, or between juve-
niles and adults). This relationship is partly explained by
considering that heat transfer is a function of surface area and
so larger animals have a smaller surface area-to-volume ratio
than do small animals. Also, not all parts of an animal me-
tabolize energy (heat) at the same rate. In larger animals, a
higher proportion of their body is made up of structural com-
ponents with relative low metabolic rates. As a consequence,
small animals have a greater maintenance cost per unit body
weight than do large animals.

Many aspects of the body relate to metabolic size and en-
ergy requirements, but at some point they are limited by the
animal’s physical size. This is true of the gastrointestinal ca-
pacity of the digestive system. One consequence is that smaller
herbivores cannot develop a sufficiently large gastrointestinal
tract to match their needs. Ideally, animals evolve a gastroin-
testinal capacity that match their metabolic requirements, but
because of the link between gastrointestinal capacity and phys-
ical size, small herbivores cannot use this strategy. Small her-
bivores need more energy per unit of body size because of
higher metabolic requirements, but their small gastrointesti-
nal capacity limits the amount of food they can process. There
are least three ways to meet this need, but because of their
relatively high metabolic requirement and small gastroin-
testinal capacity, small herbivores (including ungulates) gain
the greatest benefit from consuming higher-quality diets than
do larger herbivores. This relationship between selection for
high-quality foods and small body size is apparent within the
Artiodactyla, especially the Bovidae. Small species of antelope,
such as dik-dik, feed primarily on plants and plant parts with
high nutrient quality, whereas large species such as African
buffalo have broader diets and consume large quantities of
low-quality forage such as grasses.

Social behavior

Ungulates are social mammals; most live in groups that can
range from a pair to several thousands, although a few can be
relatively solitary. Group size seems generally related to the
visual density of the habitat; large groups form in open areas,
and smaller ones in more closed habitats. In most species,
males and female are sexually segregated and live in separate
groups for most of the year, coming together during the mat-
ing season. However, in some species (e.g., equids, vicufias) an
adult male will live with a group of females and young through-
out the year. The most likely reason for sexual segregation is
that the sexes have different requirements for food and secu-
rity habitat. Adult females need areas for raising their young
that are relatively safe from predators, even if this means feed-
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ing in areas with poorer forage conditions. Males require abun-
dant, high-quality food so they can maximize their growth and
body condition for competing with other males for females.
Often these different requirements can only be met in differ-
ent habitats, leading to sexual segregation.

Ungulates enjoy at least two main benefits from living in
groups: reduced predation and greater feeding efficiency. Re-
ducing the chances of being killed by a predator is the main
reason ungulates live in groups. Group living means that an
individual can use other group members to hide behind when
a predator attacks, and it also means greater vigilance because
there are many pairs of eyes to keep watch for predators. Be-
cause there will always be several group members scanning
for predators, other individuals can spend more time feeding
than if they were alone. In species that are large compared
their common predators, they might have a better chance to
defend themselves collectively as a group than if they tried to
defend themselves alone. However, the most important ben-
efit ungulates gain from group living is the dilution effect.
"This arises simply because for each group member, the prob-
ability of being killed when a predator attacks, is inversely
proportional to group size. Even in a group of two, when at-
tacked by a single predator, the probability of an individual
being killed is reduced by 50%.

Many ungulates use chemicals to communicate with each
other, often depositing them on the ground, bushes or other
places where conspecifics will encounter them. This means
that an animal can make its presence known without actually
having to be present, which can be useful for species defend-
ing large territories. Urine and feces are commonly used
chemical signals, but many species also possess glands. Many
of these are called epithelial glands because they are modifi-
cations of the skin or epithelium. Glands produce odorifer-
ous chemical secretions as either volatile chemicals or waxy
material, and they use these chemicals to communicate with
each other for a variety of purposes. The glands themselves
can be found at different locations on the body depending on
species. Typical paired glands are ant- or pre-orbital glands
seen as depressions, pits or slits just in front of the eye. Oth-
ers are found between the hooves of some artiodactyls (pedal
glands), while others can be associated with the tail (caudal
glands) and hind legs.

Reproduction and mating systems

Most wild ungulates breed only once each year and the
timing of birth is the main determining factor, which in turn
is related to the annual cycle of plant growth. The seasonal
pattern of plant growth is governed primarily by moisture
and temperature. In temperate regions, this means that
plants begin to grow in spring when warmer days lead to
higher soil temperatures and snow melt or rainfall is also
sufficient. In warmer arid areas, plant growth begins with
the rainy season. Newborn ungulates need to grow rapidly
so they can minimize the chances of falling prey to preda-
tors, and consequently they need to be born as early in the
plant-growing season as possible. Hence, they are born ei-
ther in early spring or at the beginning of the rainy season.
Gestation period and birth season effectively determine
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when mating takes place. In some species, this is up to nine
months before births and often when the adults are in their
best physical condition.

Ungulates have evolved a variety of mating systems, almost
all based on polygynous mating in which one male mates with
several females. Basically males either defend and court a sin-
gle female (tending pair), or defend a group of females (harem),
mating with each as they come into heat (estrus). Only a few
species form pair bonds.

The mating period in ungulates is often referred to as the
rut, and is the period when males seck females coming into
heat, and when females try to select a suitable mate. Courtship
helps both genders achieve their goals. Professor Niko Tin-
bergen, one of the founders of modern ethology (animal be-
havior), suggested that there are up to four main functions in
courtship in animals: orientation, persuasion, synchroniza-
tion, and reproductive isolation. In ungulates, persuasion is
probably the most important, the rest have minor roles. Al-
though male ungulates seem to be the most active using of-
ten elaborate courtship patterns and rituals, the apparently
passive females play an important role.

When a female comes into heat, chemicals in her urine act
as signals that males use as cues to her reproductive condi-
tion. Males seeking females coming into estrus usually ap-
proach in a submissive or non-aggressive posture, so they can
get close to investigate her. Quite often the female urinates
when the male approaches and the male then tests the urine
using a behavior called flehmen or lip curl. It appears that by
doing this, the male is using his paired vomeronasal organs
located in his upper palate to test the urine. These organs are
sensitive to the chemical cues found in an estrous female’s
urine. Once a female coming into heat is located, the male
begins to court her with species-specific courtship patterns
that, if she chooses, leads to copulation. The female’s role in
selection of her mate, while not overt, is critical to the evo-
lution of the mating system.

The ungulates

Sexual dimorphism and elaborate weapons are both usu-
ally indications of competition for mates or for attracting
mates, commonly associated with polygynous mating systems.
In polygynous mating, a male will usually mate with more
than one female, so only a few males in a population will have
the opportunity to breed. This can lead to intense competi-
tion among males, often involving ritual displays and fight-
ing. Charles Darwin was one of the first to recognize that
animal weapons function primarily for intraspecific competi-
tion (competition between members of the same species), and
are used only occasionally for defense against predators (inter-
specific interactions between different species). Besides their
use in fighting, ungulates also frequently use their weapons for
displays.

Four basic weapons systems are recognized in ungulates.
The simplest are the hard, often sharp hooves, though obvi-
ously these did not evolve primarily for fighting. Some species
have long canine teeth that they use for fighting. Suoids have
sharply pointed upper and lower canines (tusks), camels have
smaller but sharp canine teeth, and some cervoids have rela-
tively long, dagger-like upper canines. A third weapon type
are antlers typical of modern cervid deer, though not all species
have them. Finally, there are horns, which are found in four
living families, each with its own unique type; the rhinocer-
oses, the giraffes, the bovids, and the pronghorn “antelope.”

"The various aspects of ungulate’s lives are intertwined. The
habitats a species uses influence food selection and impose
constraints on body and group size. In turn these affect anti-
predator strategies as well as mating systems. The intricacies
of these various ecological processes provide the rich morpho-
logical and behavioral differences characteristic of ungulates in
modern times. Also, it is these diverse and large herbivores that
sustain large predator species. The ungulate herbivores and car-
nivores define the mammalian assemblages that form commu-
nities throughout the world except Australia. It is from these
diverse ungulates that humans have drawn sustenance and do-
mestic animals that have supported their development.
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Ungulate domestication

What is domestication?

The domestication of animals, especially the hoofed mam-
mals, has been practiced for centuries and has profoundly
shaped the course of human history in the last 13,000 years.
It contributed to the rise of civilization, single-handedly trans-
formed global demography, and provides a sizable amount of
our food and clothing today.

A prime example are horses, which were domesticated in
southeast Europe 6,000 years ago. While their original purpose
was riding, they also provided meat, milk, and long-distance
transportation and warfare capabilities that led to the spread
of Indo-European languages and culture and the transforma-
tion of ancient social orders.

In 1984, Price defined domestication as “that process by
which a population of animals becomes adapted to man and
to the captive environment by some combination of genetic
changes occurring over generations and environmentally in-
duced developmental events recurring over each generation.”
Price himself admits that this rather simplified definition of
domestication does not allow for the possibility that genes and
the environment may operate as independent factors that
acted additively on each other. Lickliter and Ness in 1990
pointed out that the development of domestic physical char-
acteristics can only be understood in terms of the complex in-
terplay of organic and environmental factors during embryo
development.

Both these definitions assume that the animals have been
plucked from their ancestral wild environments and placed into
a different, captive one. It also supposes that certain animal
management and housing practices have been applied over
time in rearing and maintaining each species in captivity.

How animals were selected for domestication

Both cultural and practical reasons have determined which
animals were domesticated and where or when their domes-
tication occurred. With the possible exception of the dog, do-
mestication occurred when humans were faced a specific need
and requirement that could only be fulfilled through cor-
ralling and breeding a certain animal population.

Although food supplies were available through hunting,
fishing, and gathering in tropical regions, animals in those re-
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gions were domesticated as work animals or to provide fiber,
as well as for food. The water buffalo (Bubalus bubalis), for ex-
ample, was used primarily as a beast of burden and not for
meat or milk.

Another issue that comes into play is whether the animal
can be domesticated or not. Most wild animals avoid close
human contact unless they have been habituated to the pres-
ence of people. The interaction of captive animals with hu-
mans thus plays a key factor in the domestication process. The
degree of tameness in individual animals determines, to a large
extent, the nature of that interaction.

Tameability, like tameness, is a desirable trait in animals
undergoing domestication. We can surmise that some species,
breeds, and individuals are more tameable than others, and
that tameability is a heritable trait. The component of tame-
ness, some argue, is not transmitted from mother to offspring.

In 1974, Blaxter determined that the offspring of hand-
reared (very tame) ungulates, when exposed to people in the
absence of members of their own species, exhibit similar flight
distances from humans as the mother-reared (relatively un-
tamed). Still, relatively untamed animals often show less fear
of people in the presence of tame members of the same
species. Lyons, Price, and Moberg reported that relatively un-
tamed mother-reared dairy goats (Capra hircus) exhibited
shorter flight distances from humans when exposed to peo-
ple in the presence of tame herd-males.

The question of tameability may provide an answer to why,
in a world that has provided 148 species weighing 99 1b (45
kg) or more, only 14 of those species have actually been do-
mesticated. There are many cases in which only one out of a
closely related group of species was successfully domesticated.
Horses and donkeys, for example, were one of the first do-
mesticates, but none of the four zebra species that are able to
interbreed with them have been actually tamed. At the same
time, while five of the most valuable domestic mammals—the
goat, sheep, cow, pig, and horse—had all been domesticated
repeatedly by 4,000 B.C., the sole addition within the last mil-
lennium has been the reindeer.

Ongoing efforts at domesticating other large wild mam-
mals have often resulted in failure, as in the cases of the eland,
elk, moose, musk ox, and zebra, or at best, have led to ranched
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The donkey (Equus asinus) was domesticated about 6,000 years ago and is used throughout the world. (Photo by © Hanan Isachar/Corbis. Re-
produced by permission.)

animals such as the deer and American bison that still cannot
be herded and that have trivial economic value in compari-
son to the five most valuable domesticated mammals.

According to Diamond, the obstacle lies with the species
itself, not with the local people. In the case of zebras, Euro-
pean horse breeders who settled in South Africa in the 1600s,
like the African herders of previous millennia, gave up trying
to domesticate zebras after several centuries. Zebras are ex-
ceptionally and incurably vicious, for one thing. Diamond re-
counts their nasty habit of biting a handler and not letting go
until the handler is dead. They also have better peripheral vi-
sion than horses, which makes them impossible to lasso since
they can see the rope coming and will flick away their head.

Other examples of species characteristics that stand in the
way of domestication include: the tendency of gazelle and deer
to grow territorial and violent against their keepers; the ab-
sence of follow-the-leader dominance hierarchies in antelope;
and the fierce dispositions of rhinoceroses. Though elephants
have been tamed and domesticated, their slow growth rate
and long birth spacing provides an impediment to large-scale
domestication.

Not all wild animals were recognized for their domestic
value, however. The quagga (Equus quagga), a small, horse-
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like animal from South Africa, was regarded as a pest and
hunted to extinction despite its docile nature, potential ease
of tameability, and resistance to diseases that plagued im-
ported horses of European descent.

Domestication of the goat and sheep

Goats were first domesticated in the highlands of western
Iran 10,000 years ago and were probably the first ruminants
to be domesticated because of the presence of wild goats in
regions where agriculture was developing. Archaeological ev-
idence and carbon dating show a distinct shift toward the se-
lective harvesting of young male goats. This probably marks
initial human management and the transition from hunting
to the herding of the species.

The ancestry of the domestic goat (Capra hircus) can be
traced to wild goats (C. aegagrus) and the Nubian ibex (C. ibex)
native to the canyon system. As it is difficult to distinguish
between the bones of these two species, the exact percentages
of each species in today’s domestic goats are difficult to de-
termine. According to Luckart and his co-workers, the earli-
est unambiguous fossil evidence of domestic goats was found
in southwest Iran dating 9,000 years ago and in the Iranian
plateau dating 10,000 years ago.
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Sheep are bred for their quality of wool. (Photo by © Chris Lisle/
Corbis. Reproduced by permission.)

In the case of domestic sheep (Ovis aries), DNA sequencing
and analyses carried out in 2002 provided strong evidence that
they originated from two subspecies of the mouflon (O. rzusi-
mon). The mouflon is a rare breed of primitive domestic sheep
whose population is shrinking on the Mediterranean islands of
Sardinia, Corsica, and Cyprus. However, it has been success-
fully introduced into central Europe, including Germany, Aus-
tria, Czech Republic, Slovak Republic, and Romania.

Many morphological, physiological, and behavioral traits
characterize and distinguish domestic sheep and goats from
their wild ancestors, such as diminished sexual dimorphism,
decreased brain, body, and horn size, changes in horn shape,
and even in the color of the coat. In 1998, Zohary and his
colleagues proposed that these differences were shaped largely
by unconscious selection. Once the founder herd had been
assembled and controlled by humans, the transfer of these
animals from their wild environments into the markedly
different human-made husbandry system resulted in drastic
changes in selection pressures. Several adaptations that were
vital for survival in the wild then lost their fitness under the
new conditions, subsequently breaking down through lack of
use. New traits, which now characterize domestic sheep and
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A domestic goat (Capra hircus) nursing her young. (Photo by Hans Rein-
hard. Bruce Coleman, Inc. Reproduced by permission.)

The United States produces over 46 million Ib (20 million kg) of wool
a year from domesticated sheep. (Photo by © Stephanie Maze/Corbis.
Reproduced by permission.)
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The cow (Bos taurus) can be used for dairy production, meat, or to move heavy loads. (Photo by © Dave G. Houser/Corbis. Reproduced by per-
mission.)

goats, were selected for instead. Protection from predators,
culling of young males, protection from the elements, and
changes in land use and in food and water supplies are con-
sidered the main ecological factors introduced by humans at
the start of sheep and goat domestication.

Variation in the behavior patterns of different breeds of
sheep, including level of tameness, has also been attributed to
breeding under the control of humans as well as selection for
productivity. Selection of rams for domestic behavior, for in-
stance, often leads to hereditary changes of behavior diver-
sity. When Lankin studied the domestic behavior of 11 breeds
of sheep (O. aries) in 1997, he came to the conclusion that
breeds subjected to intensive selection for commercial pur-
poses tended to be tamer toward humans than “wilder” breeds.
The East Fresian breed, which has been intensively selected
for meat and milk production, for instance, is particularly
tame toward humans. A few years later, Lankin found that
“wild” ewes showed increased levels in the stress hormone
corticosteriod when they were isolated, transported, or com-
peting for feed. On the other hand, “domestic” ewes showed
the greatest stress hormone response to being paired with an-
other sheep in a cage.

Domestication of the cow
It is generally believed that cattle were first domesticated
in southwest Asia, particularly Anatolia, or in southeast Eu-
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rope, where their remains have been found in several sites
dated between 9,000 and 8,000 years ago. Large bovid bones
discovered at several small sites in the Western Desert of
Egypt have been identified as belonging to domestic cattle.
The bones were radiocarbon dated to between 9,500 and
8,000 years ago, raising the possibility that there was a sepa-
rate, independent center for cattle domestication in northeast
Africa. There remains, however, some contention about the
identity and therefore, the validity of the bones.

A 2003 study suggests that Britons were harvesting milk as
early as 6,000 years ago. Evershed and his University of Bris-
tol colleagues examined over 950 broken pieces of crockery
from 14 archaeological sites in Britain that date to the Ne-
olithic, Bronze Age, and Iron Age. They found evidence of
dairy consumption, although the ages of the milk-spotted pieces
of pottery varied from site to site. The authors concluded that
animals were already being exploited for milk at the time farm-
ing arrived in Britain in the late fifth millennium B.C.

Domestication of the pig

Domestication of the pig is likely to have occurred first in
the Middle East about 9,000 years ago and may have occurred
repeatedly from local populations of wild boars. The wild boar
population, with at least 16 different subspecies proposed, is
widespread in Eurasia and occurs in Northwest Africa. His-
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Oxen are used to pull heavy loads, such as this cart loaded with sugar cane. (Photo by © Tony Arruza/Corbis. Reproduced by permission.)

torical records indicate that Asian pigs were introduced into
Europe during the eighteenth and early nineteenth centuries.

Modern domestic pigs show marked morphological dif-
ferences when compared to their wild ancestors. However, it
has not yet been established whether domestic pigs have a sin-
gle or multiple origin.

In 1868, Darwin described two major forms of domestic
pigs—a European and an Asian form. The former was as-
sumed to originate from the European wild boar, while the
wild ancestor of the latter was unknown. Darwin considered
the two forms as distinct species on the basis of profound phe-
notypic differences. Itis well documented that Asian pigs were
used to improve European pig breeds during the eighteenth
and early nineteenth centuries but to what extent Asian pigs
have contributed genetically to different European pig breeds
is unknown.

A 1998 study using microsatellite markers estimated the
divergence between major European breeds and the Chinese
Meishan breed at about 2,000 years. Some mitochondrial
DNA studies during that time also indicated genetic differ-
ences between European and Asian pigs, but provide no es-
timate of the time the breeds diverged.

Finally, in 1999, an investigation aiming to provide a more
comprehensive molecular analysis of the origin of domestic
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pigs evaluated wild and domestic pig populations from Asia
and Europe. Giuffra and his fellow researchers came to the
conclusion that the European and Asian subspecies of the wild
boar were independently domesticated, and estimated the
time since divergence of the ancestors for European and Chi-
nese Meishan domestic pigs at 500,000 years ago. Their data
showed that European domestic pigs and Chinese Meishan
pigs are closely related to existing subspecies of the Eurasian

wild boar (S. scrofa).

Domestication of the horse

The domestication of the horse facilitated the development
of human civilization by providing the means of effective
transport, agriculture, industry, and warfare.

Wild horses were widely distributed throughout the
Eurasian steppe during the Upper Paleolithic around 35,000
to 10,000 years ago, but in many regions, they disappeared
from the fossil record about 10,000 years ago. Today, only
one supposed wild population, the Przewalski’s horse (Equus
caballus przewalskii), remains. Przewalski’s horse is Extinct in
the wild, but has lived in captivity and efforts are underway
to reintroduce it into the wild.

Horse remains are common in archaeological sites of the
Eurasian grassland steppe dating from about 6,000 years ago,
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The domestic pig (Sus scrofa) has a wide variety of uses for humans, the main use being for food. (Photo by © Macduff Everton/Corbis. Reproduced
by permission.)

suggesting the time and place of their first domestication. Ev-
idence from bit wear patterns on the teeth suggests that some
horses could have been ridden.

There are two different hypotheses for the origin of the
domestic horse (E. caballus) from wild populations. The “re-
stricted origin” hypothesis suggests that the domestic horse
was selectively and multigenerationally bred from a limited
wild stock from a few domestication centers. The domestic
horses were then distributed to other regions.

Another school of thought suggests that domestication
involved a large number of founder animals recruited over
an extended period of time throughout the extensive
Eurasian range of the horse. In this “multiple origins” sce-
nario, horses may have been captured from diverse wild pop-
ulations and then increasingly bred in captivity as wild
populations declined.

In 2001, an analysis of mitochondrial DNA from 191 do-
mestic horses revealed a high diversity of matrilines, or lines
of descent traced exclusively through female members from
one founding female ancestor. This suggests that wild horses
from a large number of populations were utilized as founders
of the domestic horse. A single, geographically restricted
population would have limited the founding lineages. The
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results also showed a bias toward females in ancient breeding
and trade. This is consistent with modern breeding practices
in which select studs are used for a much larger population
of females.

Domestication of the camelids

Information on the presence and utility of camels in In-
dia from the proto-historic period to the present is sup-
ported by archaeological evidence, literature, and the arts.
The camel in India has been an animal of utility from early
Harappan level of civilization (c. 3000-1800 B.C.). One
hypothesis suggests that the single-humped camel, or
dromedary (Camelus dromedarius), was independently do-
mesticated by the Indus people, while others are of the
opinion that the domesticated double-humped camel was
the species present in the Indus Valley during the third
millennium B.C.

Because of the absence of detailed analysis of bones exca-
vated from archaeological sites, scientists and archaeologists
are hard-pressed to reach any conclusive identification re-
garding the species level of the ancient Indian camel. Today,
the domestic bactrian camel (C. bactrianus) is on the verge of
extinction in India, while the dromedary, boasting population
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The camel (Camelus sp.) can go many days without food or water,
which made it a viable resource for desert travelers. (Photo by Corbis.
Reproduced by permission.)

numbers of 1.1 million, is an important domesticate widely
distributed throughout the northwestern parts of India.

Some debate rages over the origins of the guanaco (Lama
guanicoe) and llama (L. glama) and if faunal remains from An-
dean archaeological sites can resolve this issue. Changes in
incisor morphology during the domestication process sug-
gest that the alpaca may be descended from the vicufa
(Vicugna vicugna). A comparison of fiber production charac-
teristics in preconquest and extant llama and alpaca breeds,
however, indicates that extensive hybridization between the
two species is likely to have occurred since European con-
tact.

Consequences of domestication

The transition from the hunter-gatherer lifestyle to food
production beginning around 8,500 B.C. enabled people to
adopt a more sedentary lifestyle, rather than migrating to fol-
low seasonal shifts in wild food supplies. (Some movement
was still necessary with herds of domestic animals.) The pro-
duction of food led to a human population explosion, since
this lifestyle allowed shorter birth intervals.

Animal production did not come without a cost as it meant
that humans had to share disease-causing microbes with the
animals. Molecular studies of microbes have revealed the pres-
ence of their closest relatives in the domesticated animal
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species. The measles virus may have evolved from the rinder-
pest virus found in cattle. Smallpox virus may have evolved
from cowpox virus. It has also been postulated that human in-
fluenza virus may have arisen from a mixture of influenza
viruses in ducks and pigs.

The future of domestication?

In his 2002 paper on the past, present, and future of do-
mestication, Diamond wondered aloud if the rise of molecular
biology, genetics, and improved understanding of animal be-
havior might not allow the domestication of species that have
proven undomesticable in the past. On the other hand, chal-
lenges exist with our existing varieties of domesticates, even as
science and technology becomes increasingly sophisticated.

A study published online by the journal Nature Biotech-
nology provides a sneak peek into the possible future of
dairy farming. Brophy and her coworkers at the Ruakura
Research Center in New Zealand, took cells from female
dairy cows and altered them to include additional copies
of two genes that are instrumental in the production of
the milk protein casein. The cells were then fused with
donor eggs and implanted into surrogate mothers to bring
to term. Out of the 11 cloned cows that managed to sur-
vive, only nine yielded milk with elevated levels of two ca-
sein molecules. Their milk had 8-20% more beta-casein
and nearly twice as much kappa-casein as milk from reg-
ular dairy cows.

These enhanced properties of the milk should speed up
the cheese manufacturing process and increase the cows’ pro-
ductivity. This was the first time that scientists have modified
cow’s milk solely to improve its quality instead of altering it
to manufacturing proteins of pharmaceutical interest. The au-
thors concluded that “the magnitude of the observed changes
highlights the potential of transgenic technology to tailor milk
composition in dairy cows.”

Horses (Equus caballus caballus) are some of the most important do-
mesticated animals. (Photo by © Gunter Marx Photography/Corbis. Re-
produced by permission.)
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Tubulidentata

Aardvarks
(Orycteropodidae)

Class Mammalia

Order Tubulidentata
Family Orycteropodidae
Number of families 1

Thumbnail description

Small- to medium-sized stocky anteater with
short, powerful limbs (front shorter than back)
with claws used for digging; tapering, muscular
tail, pig-like snout, elongated head, and pale,
yellowish gray sparsely haired bodies; long,
tubular ears are held upright

Size

Length 67-79 in (170-200 cm); tail length
18-25 in (45-63 cm); weight 99-139 Ib (45-65
kg)

Number of genera, species
1 genus; 1 species

Habitat
Savanna and woodland

Conservation status
Vulnerable

Distribution

Sub-Saharan Africa

Evolution and systematics

The Tubulidentata are the last living group of primitive
ungulates. The only extant species in the order, the aardvark,
was once thought to be an edentate. However, it has no phy-
logenetic ties with this group, and the similarities between the
aardvark and the South American anteater result from con-
vergent evolution since both animals feed on termites and
ants. The Tubulidentata arose in Africa, and the modern aard-
vark existed as early as the middle Tertiary (Miocene). In the
Pliocene, there were aardvarks in southern Europe and west-
ern Asia, and during the Pleistocene they were on Madagas-
car as well. All modern aardvarks belong to one species,
Orycteropus afer. None of the 18 subspecies are considered of
taxonomic importance any longer.

The taxonomy for this species is Orycteropus afer (Pallas,
1766), Cape of Good Hope, South Africa.

Physical characteristics
The head is elongated and the snout is long and pig-like.
The ears are tubular, and the yellow-gray colored body has
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little hair. The fore feet have four toes and well-developed claws,
while the hind feet have five toes. The tail is well developed and
resembles the tail of a kangaroo.

The name aardvark, Afrikaans for earth pig, is derived from
the pig-like snout and digging behavior. The aardvark is
uniquely shaped: the short neck joins the massive body with an
elongated head and a narrow, rounded snout. The nasal open-
ings can be closed. The muscular tail has a circumference of 18
in (40 cm) at its base. The legs are short, with the hind legs
longer than the fore legs. The fore feet have toes adapted for
digging; the claws of the five toes on the hind feet are some-
what shorter and weaker. Although the hind feet have soles,
aardvarks always move on their toes. The soles do rest on the
ground when the aardvark assumes its characteristic stooped po-
sition as it digs up termite hills.

There are many embryonic teeth, which rest in tooth cav-
ities, but adults have teeth only in the rear of the jaw. They
are columnar and rootless, and have hexagonal prisms of den-
tine. The tooth formula is 0 0 2 3/0 0 2 3. The teeth are un-
usual in that they grow throughout life and are not coated in
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Aardvark (Orycteropus afer). (lllustration by Joseph E. Trumpey)

enamel. Instead, each tooth has numerous hexagonal prisms
of dentine surrounding tubular pulp cavities. The largest
tooth, the second molar, is composed of 1,500 such hexago-
nal prisms. An aardvark typically has five functional molars in
each jaw half, though sometimes as few as four or as many as
seven. The canines are usually missing.

Distribution

Aardvarks have a wide distribution on the continent of
Africa alone, but are not common anywhere and, as a result
of their secretive nocturnal habits, are rarely seen. They oc-
cur across Africa south of the Sahara, but generally avoid true
forests (although they have been recorded in the northeast-
ern parts of the Congo Basin forests) and extremely arid ar-
eas.

Habitat

Aardvarks are found in a variety of habitats in their range,
although their local occurrence is determined by the avail-
ability of food and the distribution of sandy soils. They are
also capable of utilizing heavier soils, but will avoid rocky ter-
rain, preferring more open areas.

Behavior

Aardvarks usually live alone and are never found in large
numbers. Being nocturnal animals, they are rarely seen in the
wild. They normally emerge from their burrows shortly after
nightfall, though they may emerge late in the afternoon dur-
ing winter. They forage on both dark and bright moonlit
nights, but may take shelter in one of several burrow systems
within their home range during spells of adverse weather or
when disturbed. They forage over distances varying 1.2-3 mi
(2-5 km) per night at a speed of about 1,640 ft (500 m) per
hour. In the arid Karoo (South Africa), home ranges vary from
321-988 ac (130-400 ha). Although the ranges of neighbor-
ing aardvark overlap, individuals spend about half their time
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An aardvark (Orycteropus afer) burrowing at night. (Photo by Rudi van
Aarde. Reproduced by permission.)

in a core area represented by one-quarter to one-third of their
home range.

Aardvarks can dig with astonishing speed in suitable soil.
The burrow can be 6.5-9.8 ft (2-3 m) long, on a 45° angle,
and with a diameter of about 16 in (40 c¢m). It terminates in
a rounded chamber where the aardvark sleeps coiled up and
where the female bears her young. There is typically just one
entrance, but some aardvark burrows form tunnel systems
with numerous entrances; the main burrow may have several
side tunnels. Abandoned aardvark burrows are used as dens
by creatures such as warthogs, porcupines, wild dogs, viver-
rids, jackals, hyenas, birds (such as ant thrushes), and the bat
Nycteris thebaica.

An aardvark (Orycteropus afer) in its burrow. (Photo by Alan
Root/OKAPIA/Photo Researchers, Inc. Reproduced by permission.)
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An aardvark (Orycteropus afer) foraging for ants and termites in Tussen
de Riviere Reserve, South Africa. (Photo by Nigel J. Dennis/Photo Re-
searchers, Inc. Reproduced by permission.)

Enemies of aardvarks, besides man (some do eat aardvark
meat), include lions, hyenas, and leopards. Pythons occasion-
ally enter aardvark burrows and may eat the young. An aard-
vark can defend itself only with the claws on its fore feet.
When it is threatened, it lies on its back, raises up all four
legs, and threatens with its claws. When it is pursued, it starts
running in leaps and bounds to gain speed, then continues at
a trot.

An aardvark (Orycteropus afer) resting during the heat of the day. (Photo
by N. Myers. Bruce Coleman, Inc. Reproduced by permission.)
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An aardvark (Orycteropus afer) emerging from its burrow in South Africa.
(Photo by Animals Animals ©Anthony Bannister. Reproduced by pe-
mission.)

Feeding ecology and diet

In the wild, practically the only food for aardvarks is ter-
mites and ants. In the savanna, they feed chiefly on the ter-
mite genera Trinervitermes, Cubitermes, and Macrotermes. In
the semi-arid Karoo (South Africa), the ant Anoplolepis custo-
diens is the main food item throughout the year, followed by
a termite (7. trinervoides). In the Karoo, termites are fed on
more often in winter than in summer, coinciding with a de-
crease in the availability of ants. Aardvarks cannot fully sat-
isfy their hunger by breaking open termite hills. The only
way they can get enough termites is to find termite colonies
making mass movements on the ground. Swarms of harvester
termites (Trinervitermes) contain thousands of individuals
marching in armies with columns 33-130 ft (10-40 m) long;
Macrotermes and Hodotermes form similar nocturnal marches.
Aardvarks usually dig up the termite hills at the base, using
the sharp claws of the fore feet. As soon as termites appear
at the surface, the aardvark extends its long tongue and licks
the termites, which stick to the tongue. Aardvarks even press
their disc-shaped snout against termite hills and suck the ter-
mites in.
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An aardvark (Orycteropus afer) entering a burrow, showing its tapered
tail. (Photo by Rudi van Aarde. Reproduced by permission.)

Aardvarks occasionally consume the underground fruits of
the cucumber species, Cucumis humifructus, a plant that in South
Africa is known as the “aardvark pumpkin” or the “aardvark cu-
cumber.” The plant fruits underground and occasionally thrives
in the vicinity of abandoned aardvark burrows. The Kung San
people know the plant as “aardvark dung.” The aardvark buries
its feces outside the burrow, and thereby also the seeds of this
plant, enabling the plant to reproduce.

Reproductive biology

Little is known about aardvark reproduction or raising of the
young. The gestation period is about seven months. Usually one
young of less than 4.4 1b (2 kg) is born at a time. In the south-
ern Congo region, aardvarks mate between April and May, and
the young are born in October or November. Females in
Ethiopia bear their young in May or June. Anecdotal accounts
from Africa suggest that aardvarks do not construct a birth nest
in the burrow. A newborn aardvark is naked and has tender,
flesh-colored skin. After about two weeks the young aardvark
begins accompanying its mother on forays. Once the young
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A close-up of an aardvark’s (Orycteropus afer) snout, showing its cir-
cular nostrils and tapered tongue. (Photo by © Anthony Bannister; Gallo
Images/Corbis. Reproduced by permission.)

aardvark is six months old it digs its own burrow, just a few feet
(meters) from the mother’s, although it continues hunting with
her. During the next breeding season, the young male aardvark
leaves its mother, but the young female stays with her until af-
ter the next offspring is born. The males roam about, associat-
ing with females only during the short mating period. Due to
the fact that only the females keep a consistant home range,
aardvarks are thought to be polygamous.

Conservation status

In being a specialized feeder, aardvarks are extremely vul-
nerable to habitat changes. While intensive crop farming over
vast areas may reduce their numbers, increased cattle herding,
whose trampling creates better conditions for termites, may in-
crease their numbers. However, although they are widely dis-
tributed, aardvarks are not common anywhere. Though not
listed by the IUCN, the aardvark is considered worthy of pro-
tection, according to the South Africa Red Data Book. There
are no known conservation efforts directed primarily at aard-
varks, but they do occur in most large conservation areas in
Africa.
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Significance to humans

Apart from aardvark flesh, which is said to taste like pork,
various parts of the aardvark’s body are prized. Its teeth are
worn on necklaces by some tribes of the Democratic Repub-
lic of the Congo (Zaire) to prevent illness and as a good-luck

Monotypic order: Tubulidentata

charm. Its bristly hair is sometimes reduced to powder and,
when added to local beer, regarded as a potent poison. It is
also believed that the harvest will be increased when aardvark

claws are put into baskets used to collect flying termites for
food.
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Proboscidea
Elephants

(Elephantidae)

Class Mammalia
Order Proboscidea
Family Elephantidae
Number of families 1

Thumbnail description

The largest living land animals, entirely
herbivorous, characterized by the presence of a
proboscis (trunk) and greatly elongated incisor
teeth (tusks)

Size
Height at shoulder 6.5-13 ft (2-4 m); weight
2.2-7.7 tons (2-7 tonnes)

Number of genera, species
2 genera; 2 species (3 according to some
authorities)

Habitat
Forest, savanna, and semi-desert

Conservation status

Endangered: 2 species
Distribution

Southern and Southeast Asia; Africa south of the Sahara

Evolution and systematics

The living elephant species are contained within a single
family, the Elephantidae, and are the sole remaining repre-
sentatives of the mammalian order Proboscidea. The name
Proboscidea derives from the proboscis, or trunk; the name
elephant derives from the Greek words for a large arch, re-
ferring to the elephant’s arched back supported by pillar-
like legs.

Both DNA and anatomical data indicate that the closest
living relatives of elephants are the Sirenia—dugongs and sea-
cows. Recently, it has become clear that elephants and sire-
nians fall within a larger grouping, including hyraxes, tenrecs,
golden moles, elephant shrews (whose long nose is, however,
independently acquired from that of the elephant), and the
aardvark. Together, this diverse assemblage of mammals has
been named “Afrotheria,” since all are believed to have arisen
in Africa from a common ancestor, 70 million or more years
ago.

Approximately 165 fossil species of Proboscidea have been
identified. The majority of early proboscidean fossils, 60-40
million years old, have been found in North Africa, and sev-
eral of them appear to have been amphibious in habit.
Moeritherium probably lived on a diet of aquatic plants, rather
like a small modern day hippopotamus, which it resembled in
build. Recent research has suggested that elephants retain
some features reflecting a distant semi-aquatic ancestry.
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These include internal testicles, primitive embryonic kidney
structures called nephrostomes, and the arrangement of the
embryonic respiratory system. However, the suggestion that
the trunk arose as a snorkeling device is probably not correct,
as no living aquatic mammal has developed a “snorkel,” and
the trunk was only fully developed in later, fully terrestrial
proboscideans.

In early Oligocene times, about 36-30 million years ago
(mya), Palaeomastoden and Phiomia show the beginnings of an
elephant-like appearance, with enlarged body size (up to about
6.5 ft [2m] shoulder height), distinct upper and lower tusks,
and a short trunk. They may have been woodland browsers.
The peculiar adaptive complex of features characterizing ele-
phants developed during the course of proboscidean evolu-
tion. The increase in body size to massive proportions
supported a huge gut for fermentation of large quantities of
poor-quality forage. The massive molar teeth and heavy tusks
are supported within a very large head and held on a very
short neck, easing the task of raising and lowering it. But with
a head high above the ground, short neck, and cumbersome
tusks, feeding with the mouth (especially on low-growing
plants) would be difficult; hence, the evolution of the trunk.

Among the diverse fossil proboscidean groups that evolved
from about 25 million years onwards, the stegodons are the
best known and regarded as the sister-group (closest relatives)
of the elephants. Common fossils of Africa and Asia from
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A. An elephant skull. The upper shaded section shows the air spaces
that lighten the skull. Also shown are two upper and lower teeth, the
front ones wear out and the back ones move forward to take their
place. B. The chewing surface of an elephant molar. (lllustration by
Patricia Ferrer.)

about 7-0.5 mya, the stegodon achieved tremendous size (11.5
ft; 3.5 m shoulder height) and sported extremely long, paral-
lel, closely-spaced tusks.

True elephants (Elephantidae) are differentiated from
their ancestors by detailed skull characters as well as by the
loss of enamel covering the tusks, multiplication of enamel
ridges on the molars, and heightening of the molar tooth
crown. Since the earliest fossil representatives, 7-4 million
years old, are found almost exclusively in Africa, it is rea-
sonable to assume that the group originated there. Primele-
phas was the earliest member of the subfamily Elephantinae.
It stood about as tall as a female Asian elephant, had upper
and lower tusks, and is believed to have lived in an open
wooded savanna.

Three great branches of the elephant family can be rec-
ognized in the fossil record of the last 4 million years or so.
These are Elephas and its relatives (including the living Asian
elephant), Loxodonta (including the living African elephants),
and Mammuthus (including the woolly mammoth, not to be
confused with the very distantly related but similarly named
proboscidean Mammut, the American mastodont).

The earliest Loxodonta appears at 7.3-5.4 mya in Kenya
and Uganda. It subsequently divided into two apparently co-
existing species, L. adaurora and L. exoptata. The living
species, L. africana presumably derived from one of these
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forms, and initially coexisted with a further species, L. at-
lantica, with grazing-adapted dentition and small tusks. The
relationships among all these forms are unclear, but recent
genetic evidence has cast new light on the history of the
African elephant. The ancestors of the living species almost
certainly lived in the forests of central Africa. Between about
3.5 and 2.5 mya, drying of the climate led to the develop-
ment of savanna-adapted populations in the south and east.
This division led to the modern subspecies, L. africana cy-
clotis (the forest elephant) and L. africana africana (savanna
elephant). L. a. cyclotis is today the more primitive of the sub-
species; its skull is similar to that of L. adaurora.

Today, the bush or savanna elephant, L. a. africana, is dis-
tributed in eastern and southern Africa, while the forest ele-
phant, L. a. cyclotis, occupies much of central and western Africa.
The physical differences between them are very marked. In L.
a. africana, the body size is larger and rangier, the ears are very
large and triangular, the tusks are massive and curve outwards

An African bull elephant (Loxodonta africana) estimated at 55 to 60
years of age. The tattered ears are probably a file of history of con-
flict with other elephant bulls. Older elephant bulls roam widely, and
at times come into conflict with other bulls. In general they are not
aggressive except when in musth. (Photo by Rudi van Aarde. Repro-
duced by permission.)

Grzimek’s Animal Life Encyclopedia



Vol. 15: Mammals IV

alaeomastodon

Monotypic order: Proboscidea

|
Moeritherium

| |
50 45 40 35 30

N~

N\

25 20 15 10 5

o

millions of years ago

Elephant evolution. (lllustration by Patricia Ferrer)

and forwards, and the back is distinctly saddle-shaped. In L.
africana cyclotis, the body is distinctly smaller and more com-
pact, the ears are smaller and rounded, the tusks are narrow,
long, and downward-pointing, and the back is straighter.

These forms have been treated as subspecies of L. africana,
but recent research has raised the possibility that they are sep-
arate species, L. africana and L. cyclotis. There are pronounced
differences in skull and mandible anatomy, while DNA se-
quence studies found that forest elephants from central Africa
were genetically quite distinct from those of the east and south
African savannas, the genetic distance between the two groups
being more than half as great as that between them and the
Asian elephant. Finally, there are clear differences in habitat,
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feeding, social behavior, and communication. Hybridization,
if it occurs at all, is limited and has not destroyed the integrity
of the two forms.

However, the precise geographical limits of the two forms
have yet to be established. Moreover, the forest elephants of
West Africa, although they appear visually similar to L. 4. ¢y-
clotis of central Africa, have been found to differ from them
genetically. For these reasons, the [IUCN’s African Elephant
Specialist Group decided in 2002 to provisionally retain the
designations at subspecies level, pending further research, and
this policy will be followed here. Thus, the elephants are
named L. africana africana for the savanna elephants of south-
ern and eastern Africa and the West African sahel, and L.
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Two male African elephants (Loxodonta africana) sparring. (Photo by Peter Oxford/Naturepl.com. Reproduced by permission.)

africana cyclotis for the forest elephants of central and West
Africa. Records of the so-called pygmy elephant, L. pumilio,
are almost certainly L. a. cyclotis.

The genus Elephas, leading ultimately to the E. maximus,
the living Asian elephant, first appears as a fossil in Ethiopia
6.7-5.2 mya. This lineage produced a diversity of species in
Africa, Europe, and Asia. The African Elephas ekorensis, from
around 4.5-4 mya, appears to be close to the common an-
cestry of this radiation. Elephants entered Asia about 3 mya.
One species, Elephas bysudricus, inhabited northern India and
Myanmar between about 2 and 1 mya, and is believed to be
close to the ancestry of E. maximus. E. bysudricus was of large
size, massive tusks, and, like E. maximus, had a well-developed
double head dome. There are remains of the hysudricus-max-
imus lineage about half a million years old in the Middle East,
and by 120,000 years ago, E. maximus is recorded on Java. An
earlier form on Java, E. bysudrindicus, lived from about 1 to
0.5 mya, but its skull and dental anatomy appear too special-
ized to have given rise to the living species.

A recent study of DNA sequences has identified two main
genetic groups among Asian elephants. Although now widely
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dispersed and co-occurring in many areas, these may have
originated in separate populations, one in Indonesia, and one
on the mainland of Asia, which subsequently intermingled.
Since the two genotypes are different enough to have sepa-
rated a million or more years ago, researchers speculate that
these two populations may be those identified in the fossil
record as E. hysudricus (continental) and E. hysudrindicus (is-
land Indonesia). This interesting theory must, however, be
weighed against the anatomical differences between E. hysu-
drindicus and E. maximus as well as the observation that max-
imus replaced bysudrindicus on Java as part of a wave of
colonization from the mainland.

There are three currently recognized subspecies of Ele-
phas maximus: E. m. maximus of Sri Lanka and southern In-
dia, E. m. sumatrensis of Sumatra, and E. m. indicus throughout
the rest of the range. The differences are a matter of degree
and are expressed as gradual changes across the range. Ele-
phants from Sri Lanka are the largest, have the darkest skin
color, the largest ears, and are most prone to pink depig-
mentation of the skin on the face, trunk, and ears. Animals
from Sumatra are the smallest, lightest in color, and least
prone to depigmentation. Those in-between generally show

Grzimek’s Animal Life Encyclopedia



Vol. 15: Mammals IV

Monotypic order: Proboscidea

An African elelphant (Loxodonta africana) family. (Photo by David M. Maylen Ill. Reproduced by permission.)

intermediate characters. However, there are exceptions: for
example, elephants from western Nepal are perhaps the
largest living anywhere today. And there are other particu-
larities of the populations: most male elephants in Sri Lanka
today are tusk-less, while the Sumatran subspecies is said to
possess an extra pair of ribs (20 instead of 19 in the other
subspecies).

Studies of Asian elephant genetics have not so far pro-
vided much insight into the systematics of the modern sub-
species, probably due to genetic mixing resulting from the
extensive historical movements of animals in captivity. In
mitochondrial DNA, at least, there appears to be nothing
distinctive about E. m2. maximus of Sri Lanka, although the
current population of Sumatra is genetically distinctive and
may have been isolated for a hundred thousand years or
more.

The mammoth was an elephant, and not the ancestor of
living elephants but their cousin: the earliest mammoth fos-
sils date from 4.5 to 4 mya in southern Africa and Ethiopia.
Some time after that date, populations migrated north, ar-
riving in Europe about 3 mya. They ultimately spread
throughout northern Eurasia and North America, produc-
ing several species. The woolly mammoth, M. primigenius,
probably arose in northern Siberia about 750,000 years ago
in response to ice age conditions, later spreading to Europe
and North America. Its adaptations included a furry coat,
small ears and tail to prevent heat loss and frostbite, and
teeth adapted to a grass-dominated diet.
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There has been debate over the relationships among Ele-
phas, Loxodonta, and Mammuthus. Anatomical studies of the
skulls and other features initially suggested that Elephas and
Mammuthus were more closely related to each other, and
this was supported by some DNA sequence data. However,
further studies of anatomy and DNA have cast doubt on
this conclusion. Shared features of Elephas and Mammuthus,
such as the higher skull and increased number of molar
enamel bands, may have arisen independently, and the DNA
data suggest that all three elephants may have diverged rel-
atively close together some time in the interval 7-5 mya, a
conclusion not inconsistent with the fossil record.

Physical characteristics
Elephants weigh 200-265 1b (90-120 kg) at birth. Unlike

other mammals, they continue to grow well into adult life.
Females cease growth at 25-30 years, males at 35-45. Adult
weights range typically from 3.3 tons (3 tonnes) in a female
Asian elephant, to 7.7 tons (7 tonnes) in a large African sa-
vanna bull; typical respective shoulder heights are 7.2-11.8 ft
(2.2-3.6 m).

The elephant’s head is proportionately very large, weigh-
ing up to half a ton/tonne; the neck is short. The body is sup-
ported on four extremely strong pillar-like legs. The elephant
has five splayed toes buried within its foot, and stands on tip-
toe; the first visible joint, some distance above the ground, is
not the elbow or knee, but the wrist or ankle. The foot con-
tains a pad of springy tissue that causes the elephant’s foot to
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A forest elephant (Loxodonta cyclotis) with young in Dzanga Ndoki Na-
tional Park in central Africa. (Photo by Animals Animals ©Peter Weis-
mann. Reproduced by permission.)

swell sideways when it bears the animal’s weight. The tail is
long, extending to below the knee, and ends in a tuft of very
coarse hairs. Otherwise, the body is sparsely covered by short
hair, more pronounced in very young animals. As far as is
known, there are no sweat glands. The ears are very large and
thin, except for a thicker supporting ridge along the top. They
are richly supplied with blood vessels for heat loss, and are
flapped mainly for this purpose. The skin of both species is a
uniform gray. Elephants may take on brown or other hues af-
ter wallowing in mud.

The elephant’s trunk is, anatomically, a fusion between
its nose and upper lip. The trunk is remarkably sensitive,
flexible, and maneuverable, as well as being immensely
strong. It contains no bone or cartilage, but is principally
composed of muscle, in eight main sets (four on each side)
comprising a total of about 150,000 separately moveable
muscle units. Two nostrils run the entire length of the trunk
for breathing.

The tusks are, anatomically, greatly expanded lateral in-
cisor teeth. They are comprised almost entirely of dentine.
About a third of their length is buried within a socket in the
animal’s skull. The tusks are solid, except the upper part
within the socket, where there is a pulp cavity. The tusks grow
by addition of dentine there, pushing them out by up to 6 in
(15 cm) a year. The tusks of a large bull can extend 79 in (200
cm) in total length and weigh 110 Ib (50 kg) each, although

such figures are rare nowadays.

Distribution

The current range of the African elephant is Africa, south
of the Sahara; it formerly extended into North Africa up to
the Mediterranean coast. The Asian elephant currently occu-
pies the Indian subcontinent and Southeast Asia, formerly ex-
tending from the Near East to the Pacific coast of China.
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Habitat

Although occupying exclusively tropical and subtropical
zones, elephants live in a wide range of habitats, including
evergreen rainforests, dry deciduous forests, savannas (mixed
woodland and grassland mosaics), and semi-deserts. They are
essentially mixed feeders, so accessibility to a wide range of
plants, and to water within one day’s walk, are essential pre-
requisites.

Estimates of natural animal density are hard to make. The
carrying capacity will also vary enormously with the environ-
ment. In general, an area of about 2 mi* (5 km?) per animal
is probably typical in the wild, although the figure may be as
high as 7.7 mi® (20 km?®) in rainforest habitats.

In many areas where they live, elephants are the dominant
mammalian species in terms of biomass, and have a major eco-
logical role. Their massive dung production recycles nutri-
ents back into the soil. They can disperse seeds and fruits over
wide distances. Elephants seem quite resistant to the tannins
present, for example, in acacia bark and, by consuming a wide
variety of species, they limit the intake of toxic defensive com-
pounds specific to particular plant types.

Dominant African elephant (Loxodonta africana) bull threat display.
(Photo by Harald Schitz. Reproduced by permission.)
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An African elephant (Loxodonta africana) bull feeding on tree branches.
(Photo by Tom & Pat Leeson/Photo Researchers, Inc. Reproduced by
permission.)

The elephants’ habit of destroying trees has led to debate
about their role in changing their own environment. In some
parts of Africa, elephants have transformed wooded areas
into open grassland. However, it is likely that in the for-
merly natural situation, such phenomena formed part of a
natural cycle, with long-term balance between different
habitats. If a high number of elephants in one area caused a
reduction in the tree density, either the elephant population
would limit its own reproduction, or the animals would mi-
grate to another area, allowing regeneration of woodland.
In some areas even today, vegetation regeneration seems to
keep pace with elephant feeding; it is primarily in savanna
habitats, and particularly where elephants have been con-
strained within the boundaries of reserves, that problems
arise, and in the present situation these are certainly im-
portant issues for conservation. Many other factors such as
fire and climate change also contribute to the balance be-
tween elephants and their habitats. In the severe drought of
1970-71, thousands of elephants died in Africa as a result of
food and water shortage.
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Behavior

The understanding of the complex social lives of elephants
has been built up thanks to long-term studies over 20 or 30
years by dedicated field researchers, notably Cynthia Moss
and colleagues in East Africa, and Raman Sukumar in India.
By learning to recognize individual animals, much has been
learned about social organization and the factors influencing
the status and success of families and individuals.

Elephant society has a structure that has been termed ma-
triarchal. The core element is the family unit, a group of 3-25
individuals, comprising related adult females and their young.
Females within the family unit are closely bonded for life. By
contrast, adult males tend to be solitary, or may form tem-
porary associations of two or three unrelated bulls. They leave
the family of their birth at 12-15 years of age and, after that
time, although they may frequently associate with female
groups for feeding or mating, they have no long-term bonds
with them, or with each other.

Within the female groups, a few older individuals, and in
particular the lead individual, termed the matriarch, are in-
strumental in deciding the group’s pattern of movement, in
defending the group against danger, and in monitoring and
responding to other approaching elephants. Calves, especially
when very young, stay close to their mother, but all females
in the group will aid in its upbringing. At the approach of a
predator, adult females wheel round to face the source of dan-
ger, protecting the calves that stay close behind. The mem-
bers of a family unit may separate for short intervals during
the day, but will soon regroup. Family units also form looser
associations or “bond groups,” with more distantly related
families. Occasionally, very large herds of 500 or even 1,000
elephants can be seen, primarily during migration. Even then,
within the mass of animals, individual family groups maintain
their integrity.

Elephants are highly intelligent animals with a complex
repertoire of social interactions. Within a family group, indi-
viduals of all ages greet, and maintain bonding, by touching
their trunk tips to each other’s bodies, rubbing together, and
with sound communication and scent. In calves, play is a dom-
inant behavior. They mock charge, chase each other, or wres-
tle with their trunks. Males, from an early age, engage in mock
sparring matches. They are also more independent of their
mothers than the females, a trend that increases as they get
older.

There is a dominance hierarchy among bulls, generally re-
lated to their age, size, and power. If two bulls of roughly
equal size meet, they may assess each other through inter-
twining trunks, pushing and pulling, or lightly engaging their
tusks. Rarely, sparring may lead to a full-scale fight, some-
times (but not always) for access to an oestrus female. The
combatants will charge each other with ears outstretched, or
cross tusks and attempt to twist the opponent off-balance, all
accompanied by loud vocalizations. Each tries ultimately to
gore the other with his tusks, sometimes resulting in fatal
wounds by deep penetration of the head or chest. Broken tusks
may result from twisting with the full body weight. The fight
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Mother and adolescent African elephants (Loxodonta africana) assisting a young elephant climbing up the bank of Mara River in Kenya. (Photo

by Charles V. Angelo/Photo Researchers, Inc. Reproduced by permission.)

will end either by withdrawal of the weaker animal, or with

death.

Male elephants enter a periodic state called “musth.” The
temporal gland, located on the side of the head between the
ear and the eye, produces a dark musky fluid (temporin) with
a strong, musky odor. Musth males also intermittently drib-
ble urine. A male elephant generally enters musth once a year,
for a period of anything up to a month, the time of year vary-
ing with the animal. Musth bulls have heightened levels of
testosterone and are very aggressive, especially toward other
bulls. Musth is associated with heightened sexual activity, al-
though non-musth bulls also mate. Females also have a tem-
poral gland, which can occasionally be seen to ooze secretion,
and elephants have been observed rubbing their cheeks
against trees, so temporin may have broader communication
functions. Recent research has indicated that subordinate bulls
produce a different chemical signal, with a sweet aroma, which
may be used to signal submissiveness to the dominant bulls
and so avoid attack.

Elephants have relatively poor vision, but highly developed
senses of taste and smell. They obtain chemical cues by us-
ing their trunks to touch each other’s genitals, mouths, tem-
poral glands, dung, and urine. They also often lift their trunks
and rotate the open tips, testing the air for the scent of other
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animals in the vicinity. It is very likely that they can identify
different individual elephants from these cues.

Elephants also have acute hearing and communicate
through a wide variety of vocalizations. At least 25 different
calls, audible to the human ear, have been identified in African
elephants, 15 of them in a low-frequency group termed rum-
bles. Some of them are known to be associated with different
events such as musth in a bull and oestrus or copulation in a
female. In addition, a range of infrasound vocalizations ex-
tends down to 5 Hz, well below the frequency of human hear-
ing. Low-frequency sound is less subject to environmental
attenuation, and elephant rumbles and infrasound are audible
to other elephants over a range of up to 3 mi (5 km). It has
also been suggested that elephants may communicate over
even longer distances as they stamp their feet on the ground;
this theory remains to be tested.

An elephant can live to around 60 years; many die before
this age, from disease, injury, starvation, drought, or preda-
tion (though the latter is rare for healthy adult animals). A re-
markable aspect of elephant behavior is their response to
injured, sick, and dead members of their species. Many ac-
counts have been recorded: adult females immediately circling
around a wounded animal to prevent further attack; lifting a
wounded animal to its feet and shouldering it away to safety;
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jumping into water where a wounded animal has fallen, and
heaving it out again; pulling and pushing a calf out of mud
where it had become stuck; standing guard over a stricken,
but living, animal lying on the ground; covering the body of
the relative with grass and leaves as soon as it had died; re-
turning to the carcass or even skeleton of a dead relative; and
tasting, picking up, and moving the remains with their trunks.

The idea of an elephant graveyard, a place where elephants
go to die, is a myth. Sick and dying elephants often go to a
lakeside or river, where there is a ready supply of food and
water within easy reach, and several might die in one area for
that reason. In times of drought, animals congregate around
water holes and many may die there.

Elephants are not territorial. Although individuals or fam-
ily units have home ranges, those of different animals over-
lap and are not defended as such. There are daily and seasonal
activity patterns within the home range. They sleep lying
down, usually for two to four hours in the early morning.
They may also, in the hottest part of the day, stand motion-
less in the shade, but even when the eyes are closed, they are
most likely dozing rather than sleeping.

Seasonal movements, especially in open country, may see
large aggregations of hundreds of animals. In other situations,
particularly in forest environments, matriarchs lead their fam-
ilies along the same paths that have been used for generations;
these elephant trails, trampled, barren ground 3-6 ft (1-2 m)
wide, can extend for tens of miles (kilometers).

Elephants walk or amble, but cannot canter or gallop. A
charging animal can attain 16 ft (5 m) per second, or 12.4
mph (20 kph), while walking speed ranges 1.6-8.2 ft (0.5-2.5
m) per second, or 1.2-6.2 mph (2-10 kph). Elephants walk
cautiously, appearing to place each foot with care to avoid
ground that is too soft or cobbled, for example. Even so, they
can maneuver very dense terrain and can climb up and down
remarkably steep, slippery slopes. They are also adept swim-
mers, paddling with all four feet and using the trunk as a
snorkel.

Feeding ecology and diet

Elephants consume a huge range of plant types, including
grasses, herbs (forbs), shrubs, broadleaved trees, palms, and
vines. Depending on the plant, they can take every conceiv-
able part, including leaves, shoots, twigs, branches, bark, flow-
ers, fruit, pods, roots, tubers, and bulbs. The range of plants
taken by an elephant can be anything between 100-500 species,
although in a given time and place the animals may concen-
trate on a few species.

Patterns of consumption change with the seasons. In the
savanna-woodland habitats of Africa, and in the dry forests of
Asia, new growth grasses are favored in the rainy season, com-
prising 50-60% of the diet, but as these become tough in the
dry season, the elephants switch to browse, so that the leaves
and fruit of trees and shrubs now comprise 70% of the in-
take. In the forests of Asia, bamboo is an important compo-
nent throughout the year. For elephants in rainforest habitats
such as those of central Africa and Malaysia, for example, the
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Young male Asian elephant (Elephas maximus) digging for salt in India.
Photo by Animals Animals ©A. Desai, OSF. Reproduced by permission.)

year-round supply of succulent leaves and fruits ensures that
grass plays a lesser part in their diet.

Tree bark is eaten because it provides essential minerals
and fatty acids, as well as roughage. Elephants also frequent
salt licks, those patches of soil or exposed rock high in min-
erals such as sodium.

Food consumption is 220-660 Ib (100-300 kg) per day.
Elephants spend 12-18 hours per day eating, most intensively
in the morning and in the late afternoon to evening. In food-
rich forest areas, elephants will typically move slowly through
the day, browsing on a variety of plants, and eventually cov-
ering several miles (kilometers). In many areas, there are daily
rhythms: where both woodland and open grassland are avail-
able, for example, the elephants may spend the morning and
early afternoon browsing in the woodland, emerging in the
cool of the late afternoon to graze. Fluid consumption can be
53 gal (200 1) of water per day in hot weather. When water
is scarce, elephants will dig holes in dry stream or lake beds,
using their feet, trunk, and tusks, until water seeps in and can
be sucked up.

When plants become ready at particular times of year, such
as fruits or new shoots, elephants will gravitate towards them,
using both smell and a memory from past years. Generally
speaking, the poorer the quality, abundance, or predictability
of food and water, the greater the distances elephants must
travel to find it. Home ranges, measured by radio-collaring
individuals, vary from 23 mi® (60 km?) in a rich rainforest
habitat in Malaysia, to 1,158 mi® (3,000 km?) in the Namib
Desert, where individuals can easily walk 50 mi (80 km) in a
day. In many areas, migrations are seasonal. Where water is
a key issue, elephants tend to accumulate in the dry season in
areas it can be found, dispersing more widely when this con-
straint is lifted during the wet season.
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An Asiatic elephant (Elephas maximus) chewing on vegetation. (Photo
by Harald Schutz. Reproduced by permission.)

Small items can be plucked or picked up with the termi-
nal “fingers” of the trunk, the larger items, such as branches,
by curling the trunk around them and pulling or twisting. Ele-
phants are highly inventive and can be seen, for example, kick-
ing up sods of dry turf with their feet, picking up the resulting
grassy clump with the trunk, banging it against their leg to
shake off the earth, and putting in the mouth. To reach high
branches where young, succulent leaves are to be found or up
in acacia trees, which have fewer thorns, they can rear up on
their back legs, giving a total reach of up to 26 ft (8 m). They
will also uproot or push over trees. Finally, the trunk is im-
portant in drinking; water is not sucked all the way up into
the nose like a drinking straw, but is sucked into the lower
part of the trunk, then the trunk is arched and water squirted
into the mouth. The capacity of an Asian elephant’s trunk has
been measured at 2.2 gal (8.5 1). The only time in its life when
an elephant feeds directly with its mouth is when suckling,
the mouth being pressed directly against the breast with the
trunk curled up out of the way.

The tusks are used to strip bark from trees, which is then
eaten; to dig for roots or for water in the dry season; and to
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scrape or hack salt and other minerals from the soil or ex-
posed rock.

The molar teeth display a series of long, thin enamel ridges
running side to side; for this reason, an elephant chews by
swinging its lower jaw fore and aft, so that the enamel ridges
on the upper and lower teeth cut past each other, shearing
the food. The tremendous wear caused by feeding long hours
every day on abrasive food causes the teeth to grind down to
the root, and elephants not only have high-crowned teeth, but
replace their teeth five time through their life, making six sets
in all. Each set, however, comprises only four massive teeth,
lower and upper, left and right. As one tooth wears out, it
moves forward in the jaw and is gradually replaced by another

from behind.

The majority of an elephant’s digestion is accomplished
with the aid of cellulose-digesting microorganisms inhabiting
its large intestine, especially a large blind sac opening from
it, the cecum. This is a relatively inefficient method of
digestion—only 40% or so of food, by weight, is utilized—
but it does allow the animal to process large quantities of rel-
atively low-nutrient food. The intestine is up to 115 ft 35 m)
long and may weigh up to a ton (0.9 tonnes) when full of food,
releasing an average of 220 1b (100 kg) of dung per day.

Reproductive biology

Elephant reproduction is slow; a female gives birth only
every four to five years or so, and usually to one calf at a time,
though twinning occurs in roughly one in 100 births. Growth
to adulthood is also a long process. In consequence, a tremen-
dous amount of time and energy is expended in the rearing
of the young, a task that falls entirely to the females.

Elephant cows become sexually mature at the age of 12-14,
and begin to reproduce soon after that date. Bulls start pro-
ducing sperm around the same time, but in practice rarely fa-
ther any calves until they are approaching 30.

Female elephants come into estrus about every 16 weeks,
and are sexually receptive for only a day or so during this pe-
riod, so male and female behavior must be tightly attuned. A
male, especially when in musth, will visit female groups, test-
ing for estrus females by touching their vulvas with the tip of
his trunk. He then touches his trunk tip on a specialized taste
gland, the Jacobson’s organ, on the roof of his mouth. It has
recently been discovered that the females’ urine contains a
pheromone indicating that she is in oestrus. She will also sig-
nal her readiness by behavioral cues. Copulation begins when
the male reaches over the female’s shoulder with his trunk
from behind. The female exerts some choice in the matter,
and may run off even at this stage. Otherwise, the bull mounts,
placing most of his weight on his back legs. The penis is S-
shaped, up to 3.2 ft (1 m) long, and highly muscular, finding
and entering the vulva without pelvic movement. The testes
are internal (unusual in mammals) and situated near the kid-
neys; up to 1 qt (1 1) of ejaculate is produced. The bull will
remain with the female for anything from a few hours to a
few days, mating with her occasionally and guarding her from
the advances of rival males.
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Pregnancy lasts about 22 months, and birth, accomplished
with the mother squatting or lying, is assisted by other fe-
males of the group. The two mammary glands are situated
between the front legs (unusual for quadrupedal mammals).
Calves suckle until the second or third year or even longer,
depending on when the next calf is born. Male calves suckle
more frequently than females and, after the first few years,
the difference in size between them becomes apparent. Fe-
male calves will remain in their family unit for life, eventu-
ally taking over its leadership, while males leave at sexual
maturity, often aided by increasing impatience of the mother.

In drought years, cows are unlikely to come into oestrus,
naturally regulating their reproduction. Otherwise, they can
conceive at any time of year, but in seasonal environments, a
definite peak has been observed some weeks after the onset
of the rains. With a 22-month gestation, this ensures that the
calf will be born when rainy-season greening has begun two
years later, providing the mother with a rich food supply for
lactation.

Conservation status

Elephants are faced with a dual threat to their survival: the
destruction of their habitat, and hunting. The former is com-
mon to many species; the latter is due to the elephant’s pos-
session of a precious commodity: ivory.

Habitat destruction has both reduced the total range of
elephants, and has greatly fragmented it within human set-
tlement and agriculture. The principal cause is human popu-
lation growth, but also activities such as logging for financial
gain. Over much of the range, the remaining habitats corre-
spond to national parks, nature reserves, and the like. Many
of these fragments retain less than 100 individuals and
prospects for their long-term survival are not good. If there
is no exchange of individuals with other populations, in-
breeding reduces the genetic health of the population. If cli-
matic fluctuations produce a series of stressful years, the
population will suffer increased mortality and reduced birth
rate, and may not recover. In West Africa through the 1980s,
elephant populations in habitat fragments of less than 96 mi®
(250 km?) had only a 20% chance of surviving the decade,
while those in areas of more than 290 mi? (750 km?) had al-

most a 100% chance of survival.

The hunting of elephants for meat has been practiced since
prehistoric times, but only with the use of firearms has the
thirst for ivory posed a threat to the very survival of the
species. By 1800, the elephant populations of southern and
West Africa had already been seriously depleted. A century
later, the trade from Africa alone had increased to 1,100 tons
(1,000 tonnes) per year. The 1970s and 1980s proved critical:
the total African population fell from an estimated 1.3 mil-
lion animals in 1979, to just over 400,000 in 1987. Asian ele-
phant populations have also suffered at the hand of humans,
both through ivory hunting and the gathering of wild animals
for domestic use. The effect of ivory hunting on the two
species is somewhat different, since in the African elephant
both males and females carry tusks and are hunted, while in
the Asian species only the males have ivory. This has led to
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An African elephant (Loxodonta africana) baby holds the tail of another
elephant. Photo by Animals Animals ©Anup Shah. Reproduced by per-
mission.)

a situation in some parts of Asia where the natural female-to-
male ratio of 2:1 has risen to anything from 5:1 in the best-
protected areas, to 100:1 in the worst; in the latter cases, the
survival of even sizeable populations is threatened because of
lowered reproductive rate.

From its foundation in the 1970s, CITES placed Asian ele-
phants on its Appendix I and African elephants on Appendix
IL. In 1989, however, the African elephant was raised to Ap-
pendix I, effectively banning all trade in elephant ivory. The
policy worked: ivory prices fell, and many countries reported
a drastic reduction in poaching. However, in 1997, some
southern African countries with healthy elephant populations
won from CITES the permission to sell ivory stocks. The
market was stimulated, and in subsequent years, increased
poaching has been reported by a number of African countries.
Nonetheless, in 2002, CITES agreed to allow further sales of
stockpiled ivory by these countries, despite almost universal
opposition from conservation organizations. Combating the
ivory trade is a complex issue that requires the enforcement
not only of bans against hunting, but international action to
trace both the organizers of poaching, the middle men, and
the ultimate consumers.

The management and protection of elephant habitats is
also a major goal, especially in Asia. International support en-
abling poor countries to maintain existing wildlife reserves,
or to create new ones, is crucial. Properly managed eco-
tourism can be beneficial, as it provides an income under-
scoring the value of the reserve. Yet small reserves, even when
protected, may not support enough animals to give a viable
population. Raman Sukumar has suggested that 50 breeding
individuals, translating into 125-150 animals, is a minimum
goal, with 10 times that number an ideal. One solution to this
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problem is to create corridors of habitat, allowing animals to
migrate between parks, so that populations are effectively
merged into one, viable unit.

Elephant-human conflict is a serious issue in some areas.
Elephants enter agricultural areas and can destroy the entire
crop of a smallholding in a single night. They also damage
buildings and annually kill dozens of villagers in Asia. Tradi-
tional countermeasures include lighting flares, throwing
rocks, employing domestic elephants to chase away the ma-
rauders, or digging trenches around fields. The latter are of
some use but elephants learn how to fill them with earth or
logs. Electric fences are employed by rich landowners, but are
too expensive to bound large national parks or small private
holdings. Other measures include not planting crops favored
by elephants in the area around their habitat, and relocating
farms and villages (with compensation paid to the farmers).
The latter may also be necessary when extending reserves or
creating habitat corridors.

In some African countries, elephant populations in wildlife
parks have been held in check by government-approved
culling. The stated rationale is to prevent the populations in-
creasing to the point where they turn woodland into grass-
land, reducing biodiversity, and leading to elephant mortality
when drought hits, as happened in Tsavo National Park,
Kenya, in the 1960s and 1970s. Opponents counter that
culling (sometimes of entire family groups) is inhumane and
causes stress to surviving animals; is a temptation for illicit
ivory dealing; interferes with natural cycles; and depresses
tourism. Possible alternatives include relocating animals to
areas of low density and subcutaneous implants of birth-
control hormones.

Current estimates of world population size are between
34,000 and 54,000 wild Asian elephants, with roughly 13,000
16,000 in captivity. For the African elephant, the latest esti-
mate is between 300,000 and 500,000 animals.

Significance to humans

Elephants, especially in Asia, have a long history of inter-
action with people, and an important place in many cultures.
Ivory carving has been practiced since at least 30,000 years
ago, when Palaeolithic people in Europe made tools and or-
naments out of mammoth tusk. Ivory is hard, fine-grained, and
has an elasticity that makes it excellent for carving: skilled
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craftspeople can produce objects of great beauty. Countless
functional objects have been made throughout history: in re-
cent centuries, piano keys and billiard balls were one of the
main uses in the West, and in recent decades, the ornamental
“signature seal” of Japan has become a major end-product.

The earliest evidence of elephant domestication is in the
third millennium B.C. in the Indus Valley of India. The ini-
tial domestication was probably for purposes of traction, tree
felling, and portage; this usage continues today in parts of
Southeast Asia, although it is declining. Elephants were for-
merly captured from the wild, either singly in pits, or as fam-
ily units in stockades; now they are bred and trained from
calves. An elephant can recognize and respond to 30 or more
commands issued by its mabout, or driver.

Soon after their domestication, elephants were pressed into
military service. In 326 B.C., the Indian king Porus, with 200
elephants in his army, was famously defeated by Alexander. A
typical battle formation of the Vedas included 45 elephants,
which were the first to charge, throwing the enemy into dis-
order and knocking down stockades. Kings and princes
hunted from elephant-back, a practice taken over with en-
thusiasm by European colonizers. In general, elephants came
to embody royalty, largely because of the high price of their
capture and maintenance.

The elephant also plays a prominent part in the Hindu
pantheon. Airavata was the elephant mount of Lord Brahma,
creator of the universe. Two elephants were the massive pil-
lars of the world and bore the earth on their enormous heads.
Ganesh, the elephant god, is one of the best loved of all
Hindu deities: as the Remover of Obstacles and Lord of Be-
ginnings, he is invoked at the start of any undertaking. The
worship of Lord Ganesh originated in the third or fourth
century A.D. and created a strong ethos against the killing of
elephants. In Buddhist countries, especially in Indochina, the
very rare white elephant was revered as an incarnation of the
Buddha; when captured, it was ministered to with the utmost
care.

The comparative rarity of domestication in African ele-
phants appears to be for human cultural reasons rather than
any innate inability of the species to be domesticated. The
Carthaginians fought the Romans with them, and Hannibal’s
famous crossing of the Alps was probably with the African
species. In modern times, Belgian colonizers domesticated
elephants for traction and other uses in Central Africa.
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1. African elephant (Loxodonta africana); 2. Asian elephant (Elephas maximus). (lllustration by Patricia Ferrer)
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Species accounts

Asian elephant
Elephas maximus

SUBFAMILY
Elephantinae

TAXONOMY
Elephas maximus Linnaeus, 1758, Sri Lanka.

OTHER COMMON NAMES

English: Indian elephant; French: Eléphant d’Asie, eléphant
asiatique; German: Asiatische Elefant; Spanish: Elefante
asiatico.

PHYSICAL CHARACTERISTICS

Weight 3.3-5.5 T (3-5 t), shoulder height 6.6-9.8 ft (2-3 m),
back convex, high double head domes, ears smaller than
African species, fold forwards at top, one finger at tip of trunk.
Pigment loss with age, resulting in pink speckling of the ears
and eventually of the face and trunk: particularly noticeable in
E. m. maximus of Sri Lanka. Hairier than African species. Only
males bear tusks, although females frequently possess tiny tusks
called “tushes,” which can just be seen protruding form the lip,
especially when the trunk is raised. A percentage (currently in-
creasing) of males congenitally lack tusks: known as
“mukhnas,” these animals are thought to compensate by being
especially strongly-built, especially in the upper trunk region.

DISTRIBUTION

Principally in Burma, Cambodia, India, Indonesia (Sumatra),
Laos, Malaysia, Sri Lanka, Thailand, and Vietnam, with small
populations (fewer than 500 individuals) in Bangladesh,
Bhutan, southwest China, Indonesia (Kalimantan), and Nepal.
About half the world population is in India, and half of that in
the southwest of the country. The principal characteristic of
the global distribution is its fragmentation.

Loxodonta africana

Elephas maximus
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HABITAT

Wet evergreen forest, montane evergreen forest and grassland,
semi-evergreen forest, moist deciduous forest, dry deciduous
forest, savanna woodland, bamboo forest, dry scrub, and
swampy floodplain grassland.

BEHAVIOR

May spend as much as 18-20 hours a day feeding. Very social,
with a matriarchal structure: the oldest female is instrumental
in deciding the group’s movements. There is a dominance hi-
erarchy among bulls; they tend to be solitary. This species is
not territorial.

FEEDING ECOLOGY AND DIET

Adult food consumption is 220-440 Ib (100-200 kg) per day.
In mixed habitats, averaged over the season, approximately
50/50 browse and graze taken. Molars with greater number of
enamel ridges than African elephant.

REPRODUCTIVE BIOLOGY

Pregnancy slightly less than 22 months; birth weight 198 1b (90
kg). Courtship behavior includes female standing face to face
and intertwining trunks with the male. Males are competitive.

CONSERVATION STATUS
Listed as Endangered by the IUCN, and on Appendix I of
CITES.

SIGNIFICANCE TO HUMANS
Highly important in cultures of southern Asia. Revered in reli-
gion, though captured for domestic work and warfare. O

African elephant
Loxodonta africana

SUBFAMILY
Elephantinae

TAXONOMY
Loxodonta africana (Blumenbach, 1797), Orange River, South
Africa. Two subspecies.

OTHER COMMON NAMES
French: Eléphant d’Afrique, eléphant africain; German: Der
Afrikanische Elefant; Spanish: Elefante Africano.

PHYSICAL CHARACTERISTICS

L. a. africana: weight 4.4-7.7 T (4-7 t), shoulder height 8.2-13
ft (2.5-4 m), back concave; L. a. cyclotis: weight 2.2-4.4 T (2-4
t), shoulder height 6-9.8 ft (1.8-3 m), back straighter. Head
less high than Asian species and single domed, ears larger and
fold back at top, two fingers at end of trunk. Both sexes pos-
sess tusks, those of the female being relatively smaller.

DISTRIBUTION

Occurs in about 35 African states. In West Africa, only thinly
scattered, small populations remain, mostly L. a. cyclotis; north-
ernmost Sahel population (Mali) probably a western extension
of L. a. africana. Central African rainforests: still substantial,
largely continuous, populations of L. a. cyclotis. East and south-
ern African savannas down to northernmost Namibia,
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Botswana, Zimbabwe, and South Africa (with large hole in cen-
tral Angola and neighboring areas): L. a. africana.

HABITAT

L. a. africana: woodland, shrub and tree savanna, floodplain
grassland, and desert; L. a. cyclotis: evergreen rainforest, moist
semi-deciduous forest, woodland, and forest/grassland margins.

BEHAVIOR

L. a. africana, at least historically, had a tendency to aggregate
in large herds, especially for seasonal migration. Social matriar-
chal society.

FEEDING ECOLOGY AND DIET
Daily adult food consumption 220-660 1b (100-300 kg). Molar
teeth with fewer, lozenge-shaped enamel bands.

Monotypic order: Proboscidea

REPRODUCTIVE BIOLOGY

Female signals oestrus by a special walk, with the head held
high while looking back over her shoulder, as well as loud vo-
calizations. In courtship, female’s movements include spinning
round and leading the male on a mock chase. Males are com-
petitive. Gestation period is 22 months. Birth weight 265 1b
(120 kg).

CONSERVATION STATUS

Listed as Endangered by the IUCN, and on CITES Appendix
I, except some southern African countries; moved to Appendix
II in 2002.

SIGNIFICANCE TO HUMANS
Hunted for meat and ivory. Rarely domesticated. O
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Hyracoidea
Hyraxes

(Procaviidae)

Class Mammalia
Order Hyracoidea
Family Procaviidae
Number of families 1

Thumbnail description

Hyraxes are small- to medium-sized herbivores,
with short legs, a rudimentary tail, and round
ears

Size
Head-body length 17-21 in (44-54 cm); weight
4-12 Ib (1.8-5.4 kg)

Number of genera, species
3 genera; 5-11 species

Habitat
Forests, woodlands, and rock boulders in
vegetation zones from arid to alpine

Conservation status
Vulnerable: 3 species

Distribution

Southwest and northeast Africa, Sinai to Lebanon, and southeast Arabian Peninsula

Evolution and systematics

Hyraxes were probably the most important medium-sized
grazing and browsing ungulates in Africa, as investigations on
the 40-million-year-old fossil beds in the Fayam, Egypt, have
shown. During this period, there were at least six genera,
ranging in size from that of contemporary hyraxes to that of
a hippopotamus. During the Miocene (about 25 million years
ago [mya]), at the time of the first radiation of the bovids,
hyrax diversity was greatly reduced, with species persisting
only among rocks and in trees—habitats that were not in-

vaded by bovids.

Fossil and morphological evidence shows that hyraxes
share many features with elephants and seacows. Recent re-
search using mitochondrial DNA provides additional support
for the association of the paenungulates (elephants, hyraxes,
and seacows), which, together with sengis (elephant shrews),
aardvarks, tenrecs, and golden moles, are called the Afrothe-
ria, a supraordinal grouping of mammals whose radiation is
rooted in Africa.
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Contemporary hyraxes retain several primitive features,
notably the feeding mechanism, which involves cropping
with the molars instead of the incisors as with most modern
hoofed mammals, imperfect endothermy, and short legs and
feet.

Hyraxes are members of the order Hyracoidea, family Pro-
caviidae. Three living genera contain five species superficially
similar in size and appearance. The word hyrax derives from
the Greek word hyrak, which means shrew.

The genus Procavia contains two extinct and one living
species (Procavia capensis) of Africa and southwest Asia. How-
ever, several authors have described four species for this genus:
Cape hyrax (P. capensis), Abyssinian hyrax (P. babessinica), John-
ston’s hyrax (P. jobnstoni), and western hyrax (P. ruficeps), while
Bothma, in 1966, added a fifth species, the Kaokoveld hyrax
(P. welwitschii). More recent studies on the geographic varia-
tion in mitochondrial DNA in South Africa indicate that at
least two species in what conventionally has been regarded as
P. capensis. Therefore, the monospecificity of the genus Pro-
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Foot comparison of hyrax (top) and elephant (bottom). (lllustration by
Jarrod Erdody)

cavia by Olds and Shoshani in 1982 is debatable and only fur-
ther research on the genetics will provide clarification.

For the bush hyrax, genus Heterobyrax, a single species (H.
brucei) and 25 subspecies have been described though some
consider H. atineae and H chapini as separate species.

Tree hyraxes in the genus Dendrobyrax include three living
species endemic to Africa: western tree hyrax (D. dorsalis), south-
ern tree hyrax (D. arboreus), and eastern tree hyrax (D. validus).

As for rock hyraxes, the species level classification for bush
and tree hyraxes is still uncertain; there may be more species
than currently accepted. Further research on their anatomy,
genetics, behavior, and bioacoustics is necessary.

Physical characteristics

Hyraxes are small- to medium-sized herbivores, with short
legs, a rudimentary tail, and round ears. They have a rabbit-
like appearance, hence the vernacular name, rock rabbit.
Males and females are approximately the same size. The av-
erage size of the adult rock hyrax varies greatly across Africa,
and it seems to be closely linked to precipitation. The odd
appearance of the hyrax has caused some confusion. Their su-
perficial similarity to rodents led Storr, in 1780, to mistak-
enly link them with guinea pigs of the genus Cavia, and he
thus gave them the family name of Procaviidae, or “before
the guinea pigs.” Later, the mistake was discovered and the
group was given the equally misleading name of hyrax, which
means “shrew mouse.”

The feet have rubbery pads containing numerous sweat
glands, and are ill equipped for digging. The feet sweat while
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the animal is running, which greatly enhances its climbing
ability. Bush and tree hyraxes are very are agile climbers and
good jumpers; they can ascend a smooth tree trunk up to 20
in (50 cm) in diameter. Feet are flexible and can be turned
sole upwards. The forefoot has four digits, while the hind-
foot has three. All digits have flat, hoof-like nails, except for
the second digit of the hind foot, which has a long, curved
claw for grooming.

Species living in arid and warm zones have short fur, but
tree hyraxes and species in alpine areas have thick, soft fur.
The pelage is dense, with short, thick underfur, and black
guard hairs (tactile hairs or vibrissae) up to 1.2 in (30 mm)
long are widely distributed over their bodies, probably for ori-
entation in dark fissures and holes. Vibrissae are evident on
the snout, above the eyes, under the chin, along the back and
sides, on the abdomen, and on fore- and hind limbs.

A dorsal gland lies beneath a raised patch of skin approx-
imately 0.6 in (1.5 cm) long that is surrounded by the dorsal
spot of erectile hairs. These hairs are erected during mating
behavior, when animals are aroused, and may function as an
alarm or threat signal to other hyraxes. The gland in sexually
active, mature adults consists of lobules of glandular tissue, is
odiferous, and may function in mating and recognition of the
mother by young. During courtship, the male erects the hairs
of the dorsal spot, exposing the dorsal gland. This probably
provides olfactory stimulation and allows dissemination of
scent that may communicate the identity and status of the in-
dividual. The erectile hairs around the dorsal gland is a light
cream to yellow-colored circle of hairs in all species, with the
exception of the rock hyrax of southern Africa, in which it is
not conspicuous.

Coat color of rock hyrax is light to dark brown. Bush
hyraxes have a light gray to brown fur, ventral color is white
or creamy, in distinct contrast to the sides, back, head, and
rump. Eyebrows are strikingly white to creamy and conspic-
uous at a distance. In tree hyraxes, the coat is thick, coarse,
dark brown, gray-brown, or black, and with scattered lighter
yellowish hairs. D. dorsalis can be distinguished from other
members of the genus by a shorter, coarser hair, longer dor-
sal patch, naked rostrum, and white spot beneath the chin.

Eyes are bulging, the head is flat dorsally, and the muzzle
is skunk-like. A pair of upper incisors is tusk-like, ridged, or
triangular in cross-section in males. The faces